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OF EVAPORATION FROM SATURATED 


L. * Assoo. M. Am. ‘Boo. 
s already, been given by various: to th loss of 


moisture fi from soils by evaporation, as well 2 as the effect of mulches i in ‘retard- 
ing or pr preventing this loss. + ‘The moisture content of the ‘soil, which i is held 
in capillary form, is least at the surface where the evaporation occurs, and 


leaves there a a deposit. of such § salts as were dissolved in labs soil ‘Moisture. 


Heavy Western soils, which usually carry alkaline ‘salts, 


capillary attraction ; that i is, such soils will bring moisture to the surface from 
greater: depths but. at: a slower Tate t than the sandy or the lighter soils. 

at ‘This pa paper is based on a study of the evaporation loss from soils contained 

in tanks under like exposure, the soils ranging from coarse river send to heavy 


the surface. It is not the writer’s intention to "present 
to the loss by evaporation | from moist soil surfaces, but rather to describe the. 
"methods and procedure | followed i in this study and submit such information as ‘ 


is now available as an indication of the general trend of the relations 
ing between the various soils and conditions as well as supporting the general : 


hip: the evaporation loss from soils has been determined by 


| 
| 
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bye. Nots.—The Special Committee on Irrigation Hydraulics has selected the subject a 
“Bvaporation from Soils’’ as one of ten for study and research. This paper was submitted 
to the Committee by its author, and the Committee has recommended its publication in Pro-- 
ceedings in order to elicit discussion of the subject (see Progress Report of the Committee, 
Proceedings, Am. ‘Soc. C. E., March, 1928, Society Affairs, p. 173). he rare discussion 0 
this paper will be closed in August, 1929, Proceedings. 
Senior Irrig. _Ener., U. S. Dept. of Agriculture, Fort Collins, Colo. oly 

Report the Special ‘Committee on Hydra lics, 
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the evaporation for the i The pr oblem of 


a constant an and fixed ‘Position of the water- -table is in the soil, as well as that of 


i : to evaporation, was solved, in the experiment; 
herein 1 reported, by the v é use of the’ principle of the Matistte flask In this regu. 
lating apparatus (Fig. Dp a calibrated air- tight:drum, D, serves as the ‘supply 


ir and is connected to a buried-seil ta: nk-by a }-in. _ supply pipe. | Kw glass 
tube is mounted beside the s supply reservoir’ and is connected to the system at 


Ths 
both a oe bottom so that the water r level in the drum may be observed 


18 tol sidienogest si 


antity withdrawn is indicated by differences read on the meter stick. 
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FEED TO SUPPLY EVAPORATION LOSS FROM Sor. TANKS. & 


In order to reduce ‘changes to a 


minimum all supply reservoirs are well covered with corrugated asbestos board 


‘next to the drum, D, _and this is ; covered with one layer. of building paper. | 
Each individu al set of apparatus is mounted in a wooden, housing, : and the 
"space  herecen tie inoulated drum and the sides of the housing is ‘filled with 


shavings, A hinged at the housing i provided 


or convenience in ‘refilling the supply r 
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soil tank when the supply reservoir ‘is being refilled. ' To i insure - against 


-water-table in the soil tank being ‘overcharged, either accidentally « or 


entering from the supply reservoir temperature, a vertical 


tion ak the p 
on 


tank is is through this ‘small tube is” 
“measured, “and: the indicated evaporation loss corrected _accordinigly. 


The outside of the housing is whitewashed. bulb of a thermograph h 
been sealed inside the supply r reservoir of Tank No. 17 (Fig. 2) to indicate the — e 


ature. — Covers’ are provided for all tanks to shield them» 
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The soil tank shells, the outer constituting a Swater- tight 
container, while the i inner, containing the soil, is. ‘supported at the top by an 


is covered a coarse and immediately. above this is a 2-in. 
layer of gravel, Except i in two tanks, coarse sand is placed on the gravel Lager De 
up to the plane of the water- table, pen on . this porous material the test soil is xi 
‘placed. The water contained between the i inner and outer sh shells of tank i is: 
- fed upward ‘through the large hole in the bottom of the inner tank: and thence 

‘through the soil to supply the moisture lost by evaporation at the surface. Loss 
of water by | evaporation from the water surface between the two shells is pre- 

vented by sealing the top o of th the outer tank with ‘heavy, canvas” and eoal- tar. 
Tanks Nos. 1 to 6, inclusive, contain different types of soil, with the water- 7 


at 1 in. the soil surface. Tanks Nos. 7 8 contain water only. I 
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EVAPORATION FROM SATURATED SOILS AND RIVER-BED SANDS (Papers, 
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‘ghile in Tanks Nos. 14 to 18, it is 12 in. the 
soil thermometers a are Placed parallel to the axis of Tanks: Nos. 1 to 6 at depths 


ranging from. 1 1 to 36 in. Robinson anemometer and a standard /rain- gauge. 
are mounted near Tank No. 7. Pe ‘Tanks Nos. 7 and 8 are © equipped with oak 


former ‘anda a minimum n thermometer i in in the. latter. { Pot 
ol The Arkansas River s sand i in Tanks Nos. t and 2 was removed at the begin- a 


materials i in . all other | tanks used sn 1927 > were re the same as as , those e used i in 1996 
(see. Table 1). 7! A uechaxieel. analysis of the materials, in six of, the tanks i is 


TABLE 2.—MEcHANICAL ANALYSIS OF 1 iw Terms OF PERCENTAGE OF THE 


Fine gravel] Coarse sand| Fine sand ‘Very fine 
Tank|  (2to (ito | ©5to sand (0.10 to 
No. 0.5 mm.). 


-25mm.). | 0.10 mm.). | 0.05 mm.). 


pa 62.2 


5 
33.6 
8 


‘ 5 
0 


. The alkaline s soil from Tank No. 6 and the loam soil ] fr rom Tank N . 6, which | 


is identical to that contained i in Tank No. 15, were analyzed | to determine the 
"percentage of wa er-soluble materials. This was found to be 0. 261% and 


158%, respectively. usual, analysis. of these water-soluble portions 


‘Present ‘some difficulties ; however, the salts: present were the ordinary ones, 
such: as sulfate of lime, magnesia, and soda. The chlorine content was ‘low, as 


common to the alkalies i in Northern Colorado. While the carbonate in 


FE 


‘greater. Mie a question a as 


acid, ferric « oxide may be in the ble 


. _ All tanks are not. filled i in the ‘Same manner. Ih Tanks Nos. 1 to 6, ‘the 


5 water-table is carried ‘at a nominal depth of 1 in. Tanks Nos. 1 to 4, ‘inclusive, 
_ are filled with coarse river sand to within about tin. of the top. The sample 
‘material, 24 ‘in. deep, i is then added, which leaves about 14 in, between ‘the to) 


of the soil and the rim of the tank. _ Tank No. i. which contains s the heavy 
- alkali soil, , was filled from the gravel layer in the bottom to. a point withi 


about 13° in. of the rim. _ Tank No. 6 was also completely ; 
- similar to Tank No. 5, with soil taken from the excavation made i in installing Res 


the ‘equipment. Nos. 9 to 18 filled. coarse sand Now in. 
: below the 2 top or | 


to: 18 were likewise 


* Bs the case of Tanks Nos. 5 and 6, which were completely filled with heavy 


intention was to ascertain, Ww relative effect wou 
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the other tanks. 


oat ‘Tanks Nos. 6 ‘were the fret installed. The angle-i -iron ‘tim at the: 


surface about 13 in. This “was. improved j jn Tanks Nos. 7 
to 18, by banking soil around the tank as shown 


he surface of the: soil ‘in ‘all tanks was kept free of plant growth in 


¥ 

oped a slight surface seum of alge or ‘bacterial! This 
brown coating is thin and more or less elastic. What « effect it may have on 

: the rate of evaporation is not known, _ but it is believed to | be small. No doubt, 


ulfate added small quantities to the surface of. the soil would 


retard or prevent the growth, but because a natural condition + 1 was 8 8 sought, the 


The appearance and texture of the soil observed on Sep- 


tember 1, 1926. of Tanks Nos. 1 tot 6 were : all yellowish-brown with a scum of 


e: growth ‘about 2 in. i n thickness. — This | covering or membrane was somewhat 
but not ‘cover the entire surface; is, It Was in patches of 


on the surface of ‘Tank ‘Na The surface i in No. was 


light gray olor, showing some alkali. Small cracks. appeared here and 


there, with the soil becoming dry and mealy 


ee The soil i in n Tank No. 10 was dark brown, with. damp surface and Batches 


of scum, very ‘thi in scum | showed on the soil surface of Tank No. 11, 


soil yeing amp, with concentrated isolated all alkali erystala, compact and dark 
Ma colored. — No alkali showed on Tanks Nos. 12 and 13 3. 7 ‘The surface was damp 
Ww ith a thin scum, , generally greenish- brown in color. 
re e surface of Tank No. 14 was almost white with an alkali deposit, very 

irregular or uneven, dry an mealy, with a few small surface cracks. This 


surface, when touched, would « crumble to a fluffy mass. No, alkali appeared on 


OF 
the soil surface « of Ta nk No. 15. which was damp, with a very slight, | brownish 
scum, and of mealy texture. Concentrated alkali crystals were spread over 


one-half the surface area ¢ of Tank No. 16 which was damp, | with ‘slight s« scum; 


the soil was more compact, The surface of Tank No. 17 was clean , smooth, 
and dry. ‘Tank No. 18 showed. a damp surface, inclined to be slightly 


or Darra to Warzr- Tanase ON Rare or EvAroravion ad 


~ Soil Tanks 1 Nos. 1 to | 6 were set up and filled i in “May, 1925, and Tanks Nos. 7 


18 were installed in a July, 1995. ‘Because ‘the filling of soil was uncom- 


and the apparatus untried, “only” preliminary observations were made 


‘during this: first. season to “ascertain the ‘characteristics of the “equipment. 
‘Fragmentary results of the comparison of the evaporation loss from the sev- 

eral - moist soils and the free water surface are given in Table 1. This record 


covers only a part of September, 1925. The insulation for the Mariotte tanks 


was not sufficient at first to give reliable ‘readings because of the variation of 


ressure of the water ‘vapor in the space, D (Fig Considerable trouble 
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was eaused by 


of 1926. The p period from September 14 to 23, 1925, orm gmc because ps 


oy At the beginning | of the season of 1926, the Mariotte taiks were completely 
overhauled and re-set. ‘Thermograph records of the temperature of the partial 


vacuum within the supply’ reservoir (Tank No. show a maximum | daily 


range of Yi > Fahr. and a ‘minimum range of 1° Fehr r. This range of tem- 
perature | change is sufficient to affect materially the night and morning read- me 


ings of the water 1 level in the Mariotte supply reservoir, "Theoretically, there 


result of reduction of the pressure of the water vapor it in the space, _D (Fig. 1). . 
In order to investigate the: apparent ineonsistency the action of the 

Mariotte regulation, special apparatus was set up by which the pressure of the 
water vapor in the ‘space, D, could: be greatly increased and decreased by — 


changing the temperature. It was demonstrated that. when very slight 


decrease i n temperature occurred, w vith no evaporation from the exposed sus 
taining o or balancing water surface, an accumulation of water in the supply "i 
“reservoir - was ‘possible. - During a period of falling temperature, the pressure 


of the water vapor decreases” slowly, and for a condition of balanced | pressures 


a small bubble of air is held‘at the lower end of the small brass vent 1 tube, T 


(Fig. 1). ‘The s surface tension ‘holding this bubble in place operates as a ‘seal 
_at the lower end of the vent tube. . Manifestly, , if this tube is sealed, a decrease os 
of pressure in the ‘space, cause water ‘soil tank ‘into 


the reservoir of ‘the’ Mariotte apparatus, 


of. evaporation from the several types of. soil, the data were 
studied thorougl aly, no correlation of these losses. appeared. observations 


during. the season of 1926. were taken at approximately 8:00 a“ My an hour 
when. the air temperature ‘was reasonably u uniform for the weekly 


‘Fort the season of 1927 7, the observations 1 were » taken at about 11:00 P. rs cig 

‘Table 3 gives 1 the average evaporation loss, in inches’ per day, for 1926 andy 
and a comparison of losses from the soils with that from a we water surface, 
During 1926, a complete evaporation record from a free- -water 


also. observed in an area distant about 500 ft. northwest of the experimental. 


apparatus, This is designated Tank Ain Tables. 


e Covers were provided to protect the tanks against ‘rain, | but nearly each 


week more or less rain fell on the exposed soil surfaces. _ It was found prac- 


tically impossible to. guard against this condition because all soil: surfaces 
were being exposed to natural conditions. Experience with the ese tanks shows 
a marked reduction in ‘the ‘evaporation loss occurs when the covers are, 


_ The cooling effect of of the 1 rain on the soil increases the surface tension of. 
the capillary. moisture drawn up from the water- table. _ Rain water falling: 
4 the coil 's also dilut tes the soil — and if the solution 


can be no return of water to the supply reservoir from the soil tank as ‘a Bas 


ace was 
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leakage of air into the Mariotte system. The 
the the rad that the tanks were newly filled do not justify 
or pendence on these first results, although they show, in | ee = 
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inereases the rate of is ‘evident that, although | adding moisture 
at the time, light ‘showers may y later cause a more ‘rapid depletion 


of ‘the moisture already within in the s soil: Messrs. F. H. King and J. ‘B. Stew-_ 


art, * have also noted this’ phenomenon. bayer oe Bue 


TABLE 3.— AVERAGE EVAPORATION Loss, IN INCHES PER Day, FROM Moist Soins 


AND Ratio OF EVAPORATION 1 FROM SoILs Tuat FROM gals 


Depth of | JuNxE 23 To OcTOBER 20, 1926. 1 To OcToBER 30,1927. 


surface, Evaporation | t Evaporation 
in inches, loss, in inches. Ratio. ation 
0.1386 Full depth of tank 


4g 
0.082 


inom, 


water 


= 
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Tank, 8 by 3 by located ft. northwest of asi 


study more in detail the effect on’ 


surface in quantities that approximate a shower of mai two soil tanks, Nos. 17 


and 18, were 80° treated. ree s shows the relation of loss from a free water 


surface and the losses from Tanks Nos. 17 and 18° during the sprinkled and ‘ 


aiid 82% for 18. The 11% for 
co sprinkled pai were 33% and 7 76%, respectively. . To what extent the sprin- 


kled water r was held i in the ‘voids ‘of the is not t known, but Bechinse of the 


A similarity 0 of the 1 rate-of- loss curves representing the soils to that representing 
the free water, the writer considers it fair to assume that the rate of evapo pm 
tion loss for the sprinkled period was materially increased. The data 

in Table 5 for ‘Tank No. . 17 indicate ‘that the percentage of moisture held — ‘! 
within the soil mass above ‘the water-table was at or near the maximum ‘capil: © 

lary capacity, because t he quantity used from’ the’ storage ‘reservoir of the 
Mariotte regulation | ‘was. ‘very. small, or showed a ‘an increase or an’ accumula- 

from the soil tank. ‘Tank No. 18 8 drew liberally from the Supply reservoir 


to make up for the increased loss due to evaporation, 


‘The Principles of Soil ‘Management, by ‘Messrs. Lyon ‘and Fippin, 
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have results” varying between rather wide e limit _ The problem 


involves too many factors to make possible. any correlation whieh woul 
other than very » general ‘relations. 
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Mr. Ss. Beckett, at Davis, Calif., found the following ratio of 
‘Fpec8 af nine weeks, from August 2 to October 3:* r 


‘Satur ated ‘surface.. 
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‘The late R. B. Sleight, Assoc. M. Am. R. working at Colo. 
“with a river-bed sand, in p tanks! havin ng § a nominal diameter of 2 ft., found th 


Percentage. 


Water: table at 6. in.. 
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‘Free water surface. . 100 
Water-table at 4 im... 88.2 
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+ The writer has stu ration | from different: types of soils at Rock 
Ly Ford, Colo., v where the water table 1 held at a bout. 4in. soil tanks 


4 a diameter of 2 ft. The findings for the period of 
inclusive, are arranged i in 5. 


TABLE, 5.—Byaronarion FROM ‘Tyres oF S 
-Forp, Cotorapo. ut a9 


| water-table below 


Free. water surface 

‘Patterson Hollow.....|Heavy adobe alkaliye soil 
Experimental plots....|/Fine sandy loam 
Arkansas River........|/Fine sand mixed with silt, Rocky Ford 
see ..|Fine sand mixed with silt, Avondale, Colo.. 

‘ _ |Fine sand mixed with clay and silt, Las 

Arkansas River. Animas, Colo 

_ Arkansas River........|Fine sand mixed with silt, Lamar, Colo...... 


The river sands i in ‘this, group were substantially of the same general type. 


if a 
~The in ‘the Rocky Ford experiment were used as soils in ‘Tanks 
Nos to 4, as previously described (Table 1). results ‘obtained from 


‘No 
une to “October, 1926, or same matgkials as in Table 6 


Free: water surface 


Rocky Ford, Colo., fine river sand............... 
ie Avondale, Colo., fine river sand 
Las Animas, Coio., fine river sand 
Lamar, Colo., fine ‘river sand 


(a) and show graphically the trend of the. evaporation 


from di erent. soils with ‘increasing depth of water- table. These losses ar 


expressed as a ratio of that from a free water surface. Ih Fig. 4 (a) the four 
river. samples of fine sand with the water- -table at 1 1 in., show a loss equal t 


that from a free water surface. The loam and heavy ; adobe ‘soils show a loss 


83 and 15%, Tespectively, for a of 1. in. to the water- ‘table, as com 


“a 
4 
LS 
i 
— 


PORAT om SATURATED SOILS AND D RIVER-BED 


soil ‘surface, the Rocky’ and and the adobe soil show a 


Toss, , while the loam soil and both the medium and coarse river sands show 
loss equalling that from the e free water surface. These three soils. throughout 
he period, une to. October, showed a consistently high rate of. ‘evaporation. 
The reason for this Persistent high rate of loss i is not apparent. __ me ae “a q 


3 ind Rocky) Ford 


River 


es bar || 


oF ‘EVAPORATION Loss FROM DIFFERENT Bors WITH 4 


Iti is believed that of 1 pet in obtaining 
‘the evaporation loss from moist soils, even though there are ‘some ‘apparent 


“inconsistencies in its operation, gives more dependable results than the method 
nt of weighing. 3 The results in Table 6 show very marked consistency for fine 
“river sands, which essentially identical, with the exception of the 
content. "Those ‘cited are in evidence of the dependability f the 
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"PROBLEMS. CONCERNING ELASTIC STABILI TY 


STRUCTURES! 


7 


span, and stability of webs i in compressed members and girders, are considered. _ 


The case in which the of a structure does not depend on 


“the ultimate strength of the material, but on the elastic stability of the mem- 


“ders of the structure, is a strut or a ‘column. under ‘the action of a compressive 


4 force. Bo the length of the strut is large in comparison with its cross-sectional : 


Pree , failure will occur as a re result not of a high compressive stress but fi 


elastic The buckle sidewise at a stress less than the 
yield point « 


with the length. With the increase the yield 
: point of structural steels the field of application of theoretical solutions, based 


ie therefore, « of practical interest. Sever: al s solutions of this hemnegiivn ill be 


NOTE. —wWritten discussion on this paper will be wane. in August, 1929, 
Ei Presented at the meeting of the 


3 on the assumption of a perfectly elastic material, increases and these solutions _ 


2 


— 

we of a structure clastic stability of 
strength ms become of great p 

rent 

silt 
atus. | 
atus. 
4 

ed and, as a Cor 
4 materials Or 
al 

ad) and stability ot W tober 18, 


the critical loads, for built- “up columns will be compared with the 


4 Critical loads for built- up are “always less than those fo 


columns | having the same value and depend on ak details as lattice- 


: ‘bars and spacing plates, o battens. The valu e of critical loads for ‘such ¢ co ol- 
-umns can be represented the 


— 


) for this case can be represented in the po aR form:* . __ 


* For the derivation of this equation see “Applied Elasticity, by 5S. Timoshenko a and 


4 


is the flexural rigidity of the column i 
n the plane of buckling, 
| 
r solid 
0 
— 
$53 


in centers of gravity of channe 8. 


moment of inertia of the « cross- section about 


axis through its center 0 of and to the y- 
moment of ‘inertia of the section of a batten about 


axis through its of gravity and 


of the column. 


th t the 


assumed that 30 0 ft, in., ¢ = in., hick- 

“ness of in., and the width of battens = 9 in. Then, for the cross-— 


solid column, I = 123 in. nt while I, = = = 2. 3 ins, and 
& 45. 6 in’. Subatitating in Equation (3), 

‘s the ultimate strength of the built -up column is 0.82 of ‘the critical load of the. 


If “the proportions of a -built- up column are such ‘that the compressive 
calculated from Equation (2) is beyond the yield point of the material, 


he factor » @ will be greater than that given by Equation (8) . Hence, the 


difference in strength between the two types of columns will diminish 
—. This conclusion can also be. deduced from Equa 


sy de reas of the ratio, 


4 tion (3). In order to obtain Po, + analytically when the stress as calculated by , 
_ Equation (2) is beyond the. yield point | of the material, the constant quan- via 


tities, El and El,, in because of the decrease in modulus ot 


ishing with the increase in ¢ stress. At the same - time, the 
El,, , of the battens, which are not subjected to compression, remains equal to 
unity. ‘This means that the value of P calculated from (3), for 


he cases of short columns, will always be on the safe side. 


ies In the case of a a latticed column (Fig. 2), the values ‘of the factor, a, in Ls 
can be calculated from the equation: 


Ais he cross- -sectional area a lati 
e The latticing is usually so proportione ned that the factor, 


unity. Then, the formula for solid columns can be used. 


oid Consider now a. square column shown i in ‘Fig. 3. ii” The middle p part of the 


length, h) has a constant moment of inertia, toward the ends, 


— 


4 
axis 
ce. only on the value of but also on the rigidity 
(2) 
— 
4 
— 
— 
— 
- 


or Struts ‘Havine Larera Supports 


ELAS Cc STABICITY IN 


Assuming that the latticing is ‘proportioned i in such a manner 


1 
that the column can be. considered as solid and of variable « cross- s-section. the 
critical value of compressive force be from 


is a sae factor, the value of ie depends on 


Bridentiy, 


THE IN Equarion (5 


VALUES OF - 


This ‘type of problem is encountered, for in considering 


‘case, assume that a strut of cross-section, tender 
action of compressive forces ig. 4), encounters a Tesistance produced 


tral rent ‘magnitude of this load ant found from a 


tion: of the potential energy of the system. + The critical value of the com- 
i pressive force, P, ‘is that at which the work done during sidewise buckling by 


= 
the compressive ) forces is equal to the potential energy of bending of the strut, ‘ 


together» with the energy” of deformation of the elastic medium. or the 
Potential energy of bending of the strut the following applies: a 


— 


3 


ratio, 
h unity because then the column becomes almost uniform 
some values of the factor, 2. are given in Table 1.* 
0.0001 
0s 
its 
its 
= 
UN 
4 
Ww 
a 
considering the potential energy of the elastic medium a factor, K 
the modulus of thie: medium is taken such that the product, K y, repre- 
7 ae sents the reaction of the medium per unit length of the strut when the deflec ‘ aie 
- ‘2a ae tion is equal to y. Then the work done by this reaction during deflection oe 


d 


occurs during buckling of the strut. Peking into consideration the 


fact that the between the element, ds, of the deflec tion curv and 
its vertical projection, ad x {since —— is , is ‘to: 


If the elastic medium has ef small iho so that the factor, °K. is ee the 


deflection curve will be the same as in the case of a st t without 1 teral 


upport. Therefore, it can be represented if his ‘vert 


this in Equation (9), 


S 


The se represents th ic 
on the critical load. 


rgy of the defo 
tion, 
tio, nay 
thy 1 be obtained 
wise 
is 
®, the condition ni vid 
nthe pl (dy tbe 
(6) 
— 


q 


In the case of a ithe of grer iter rigidity, the deflection curve of the | 


buckled strut has a more complicated shape “consisting 0 ‘several waves 


ae , 6). With an increase in ‘rigidity of the medium, the number of ‘waves 
of the deflection curve increases, but each wave is a simple s sine wave and for 


aleulation of critical loads ‘Equation Qt) can be used. | To do this it is only 

to ‘subslitute'th | stead of the 1 length, , in whic h, 


denotes the number of wave “Then: 


. medium, increases with the inerease of the quantity, K, and can be determined 
in the following manner: ‘Tet K be the rigidity at which the number of 
waves in the deflection curve of the ‘strut changes from m to m +1 . Then, 


sum in the brackets of will remain unchanged by replacing 


plan ere for each value of 1 nt the limiting value for the ‘rigidity, K, can 


be calculated. For a value of K slightly. less than this calculated value, the 4g 


"deflection curve will have m waves, while for | a of slightly | 
the deflection curve > will have m m+ 1 waves. 


be large and, sinaghootions ‘unity | in comparison with m i in 1 Equation a, ; 


the potential. P, = 
nied load in this case is ‘thus as as ease, of a 
 withou ral support and havin a len 


truss span is much more complicated compressive 
aan 4 are distributed along the chord, the section of the chord is not constant, and 
“instead of a continuous elastic medium there ai are lateral elastic supports repre- q 


ted by vertical 


same 
top 
as 
is 
4 
— 
tri 
which, 
Ao a8 | 
be 
thi 
— 
reater § of 
str 
miso th 
sic 
# | in 
th 
— of 
— 
4 
: gen truss members. Consider the simplest case of a through- 


re chord do. not move ve laterally during of the chord. 


Vv 


LEAT 


Wiens 


tributed load of intensity, the tensile in “the and ‘their 


¥ 
horizontal components, “producing compression in the top will be 
portional to the distances from the middle of the span. Replacing the con 2 
centrated compressive forces acting on the top chon chord by equivalent. 


‘uously distributed forces, the distribution. of the co compressive forces Rint 


be at the middle of the and will, to 


this compressive force “corresponding ‘to the beginning of sidewise buckling 
of the top, chord « can be found in the same manner as in the simple case of as 
strut in an ‘elastic medium, already discussed. It is only necessary to replace 


‘the ‘concentrated elastic reactions the Wertioa Is, opposing the lateral deflec- 


tion of the compressed ¢ chord, continuously ‘distributed reactions ‘of an 
equivalent ‘elastic ‘medium. The —* K, of the equivalent “medium 


“The critical ‘vale 


ave 
5 


‘in which, Q is the lateral ie which, if applied to the vertical m mber at 
‘the top chord ‘panel point, (neglecting for the : moment the lateral. resistance 
of the chord) will produce | a lateral deflection of the vertical member equal 
to unity; and a is the distance between the verticals, = a 
Assuming, for instance, that the lower ends of the verticals are ab 


fixed and putting Fl, equal to the flexural rigidity of the verticals i i: 


ee tion, the force, Q, will be obtained from the expression,* Brie 


Om Ww. 


i 


i is * The bending of the cross-beam of the floor structure and the effect of th compressive 
ce in the vertienis on the deflection are neglected in this equation. 


and th ell ice e that the 
fo at all the vertical truss met top chord has _ 
14) — 
me 
ater 
also q 
| 
(15) 
trut 
ie 


- 


tion | similar to Equation. (9), it will be that the critical 


value ‘of the force in the ean be 


in which, is a numerical factor, greater and depending on 


# modulus, , K, the lateral flexural rigidity, El, of the top » chord and the s span, xe 


NuMERICAL VALUES OF THE Factor, y IN Equation (a9), 


OF “Tor Cxorp Fixep the, in 

163 | 200 | 300 | 500 


2.06 | 3.68 | 5.10 | 6.37 9.51 | 11.9 14.9 16.5 


using “Table 2 the y, can be found for a given value of ———. 


6 compressive force in ‘the chord will thie tiie as for a 


strut, the length of w which is equal to ~7—. For K = 0 the that 


without lateral loaded as s shown in ‘Fig. 6 (@). 1 Th 
, 1 compressive force is then, about twice a as. great Ay = 2. 2.07) as for a 


strut compressed by forces applied at the ends. 


. This. method can n be. applied also in the case when end verticals are of the 
rigidity ‘the intermediate verticals and. the ends of the top chord 


free to move laterally during buckling. _ Equation. (19) can be used also in 
this case, but the numerical values, of the factor, Yn are, however, ¢ somewhat — 


1. 1s 2.02 8.08 8.40 5.38 8.64 


crease i the ua tity, , th 
n in nthe ntity, 
This result is easi y understoo 
since for the pon top the deflection curve during lateral buck- 


ing may have several waves as in the case of a strut in an elastic m dium 


Py (Fig. 5). The number of waves increases with the rigidity, K; hence v 


yi this number is ) large, the critical load i is no no longer affected substantially | by 


is 
— 
‘in 
| 
= 
| r § 
a 
a 
‘ve 


It ‘is thet; in: the absence of ‘supports, ‘an’ beam bent 
the plane of the web may p prove to be insufficiently stable. If the loads are 
increased beyond ‘a certain ‘critical limit, ‘it buekles ‘sidewise nd | collaps 
® The ‘critical load: can be found by: themndecy’ method; for a beam on two su 
ports: it always can be represented in the form: 


4 “in Which,” fiw gathioud bas side fest 
' = the flexural rigidity of the beam in the direction 


the torsional of the I-beam in 1 twisting. 


the magnitude of, the ratio, Boa’ being ‘the dep 


‘rectangular “section, instead of I- section, are taken. For s such a beam 


| 


Th, the case of a cantilever eam (Pig. 7 (0)): 

pick 4.01 B, C Ry Geis 


Ith is the depth, t, thickness ‘of the anc 


ubstituting these in | Equations (21) and (22), the ni one load for no par 


4 at thy or ComPressep is 
.—In compression members of cross- buckling 


+4 2. 
na- 7 
19) 
the 
3 
ther Of th load, 
Tables. of th of 
mo tion (20) have been di 
2.3 
3 — 
ya "These cas s, Am. Soc. C. E : 


ections given in Fig. diminishing’ of ‘the ‘eolumn wall 
the member will fail compression by the sidewise b ‘plates 


as long rectangular plates under compression ‘and 
ith various conditions of fixity along the edges. hb the simplest case a rec- 


tangular plate ‘simply suppor ted i is compressed by forces uniformly distributed 
ong the edges, z= 0 and =a (Fig. 8). When the compressive stress 
(critical compressive j‘etress), the flat form of the plate 


‘becomes lateral buckling will occur. application of the energy 
method, the equation for the critical stress will be: 
the width of the ¥ to 
oe = ee s ratio for the material. fe 


a 
is easy to see Shakin. represents bina critical compressive stress as obtained 


why an equation analogous to Equation (1) for a strip having the length, h, 


— the thickness, ‘t, equal to the thickness of the plate. In Table ne sev 
" for various ratios, —, are given. 


TABLE 4.—V ALUES OF IN (23) » FOR PLATE 


900 11 400 | 11 000 | 10 900 


ake is seen that a, is a minimum for a square plate, ‘If a long slide buckles 

under compression it subdivides in “squares or in ‘rectangles, almost & square. 
Pp 


For) each f these rectangles 1 Equation (23) can n be applied, the a, 


ty 


are calculated on the assumption that 


= 0. and — Taking into 
ideration that. ‘the critical stress: is proportional to (Equation (24)) 
‘tariation 


864 
ing 
q 
— 
— 
— 
— 
| 
fig 
eral 
bi 
— 
in pounds per square in ie 0 
; 
| Spi Das CIN) enostany = 4, always represen 
‘Ot ‘Neue > 3, a va 
r plate, say, THe 
the 


— 


$i 
for any value 


t from 100, ‘is ‘obtained ‘by miiltiply- | 


yield of 40 000 Ib. To determine the. the 


10.900 10* x | 


of the ratio, — , failure will occur as a 
at a compressive stress less than the yield point. This x means that 


lateral buckling the strength of the material | f 


‘properly i inereasing of the plate, the buckli 
not: occur, below 1 the yield” ‘point; but a uniform increase in thickness 


is not always the most “economical solution. | ms Sometimes for compressed plate 
i of considerable width, it appears | more advantageous to. keep the thickness as 


all as possible and to increase. the stability against buckling by introduc- 


ing longitudinal stiffeners. Such ‘methods of ‘reinforcement are used 
7 times | in ship uilding, where the economy in the proper weight of the hull is 


of great practical importance. In proportioning such reinforcement, it is 
to know how ‘the stability of the reinforced plate depends on the 


ogee rigidity and cross- -sectional area of the stiffeners. This problem can K 


the plate is, teinforced by ongitudinal stiffener at th the middl 
the. width (Fig. 9), the maximum reinforcement occurs wheh the flexural 


revent it from bending 


"the ibe “Then each half of the plate will be in the condition of 


= 


- 
Tec ratio, —, 
Teas a, = 4 &g 
“TRY 
For | fe 
lie 
— 4 re) 
4.00 
4 — 
4 
10 900 — 
a 
§ 
ckles 
pare: 
being 
-AX18. 
Re. 
nts a | 
plate 
For detailed investigation of this question, see the writer’s paper in 


ds with the plate g buckling and a neh Oo 
ow! 


_, bends w va of the critical compressive 
“stress will depend on the ratios: 


44 


= flexural ‘rigidity of the stiffener i in bending at right angles 

E 
= flexural ri 


The values of the numerical factor, various ratios in 


uations are given in Table 5. 


iges h have the following ‘dimensions: o= in; sh = 
if 


: 30 X 10° Ib. per sq. in., and 6 = 0.3. Be The 


194 
= 14000 X10" 6.900 = Ib. per'sq: in. 
3y using a stiffener of such a flexural rigidity that it does ‘not aoe wl 


plate i is buckling, the critical becomes: 


he 


9 


it is seen we 


0, 6 a condition can be obtained 


using a stiffener, for = In calculating the 


an 


tity, B, note that the is riveted to a Plate of idth 
in a considerable imerease of rigidity. aking, for: instance, the 


\ 


_Stiffener | in the, form of a channel, or a Z, riveted ‘to the. plate ‘by ‘its flange, 


t e center of gravity of the section consisting ‘of the s fener andthe } plate 
s Le will be very near to the surface of the plate, and d the moment of inertia of 


: the cross- -section of the stiffener with respect to the axis coineiding with the 

outer: surface of the flange must be taken in calculating B. Using two longi- 


tudinal ‘stiffeners, sub-dividing the p plate into three equal } pave Equation | (2) | 


cane applies for calculating the critical compressive The corres ponding | 


values of the factor, a are given in Table 6. 


Lisa —When the edges of the plate parallel to > the | direc tion # Géfiaideasion, 
Instead “of being simp ly. 8 supported, are built in, ' the stability of the plate is 
increased. For calculating the critical values io compressive s ress, Equation 


» must be taken from Table 7. 


seen that the of ‘the Corresponds to the 
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, when it buckles, subdivides 
q. 
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—When one longitudinal side (y = 0) of the plate shown in Fig. 8 is 
built in and another (y = h) is free, the critical value of the ‘uniform -com- 


pressive stress can calculated Equation values of the 


Puare, 1 THE ‘Sirs F Corts Bunz 


Per, in pounds per square inch, 


* 
of the facto ‘co esponds toa a value 


7. A long plates. while buckling, will subdivide in 


the ratio, 


rectangles approaching these proportions. "Taking a = 1.33 and 


point as 40000 Ib . per sq. in., for a long steel plate (EB = 30 ae 10° lb. 5 


é 8); the limiting va 


om 
id ices 
a AT 
ness 
ield 
critical stress ay 


ay 
— ALUES oF THE Factor, FOR A ComprEssep 


| as 17, 


For a larger value of the buckling of the ‘plate will occur at 


a stress less than yield of the material and for improving the 


1 


‘ 


and i in n order to prevent usually it is necessary to increase » the: 
ness and to use stiffeners, without considering the stability | of the. stressed Ww 


This results in types of construction having widely varying factors” of afety 
with respect to buckling. | For example, _ plate: girders of one large American 


railroad system, with a span, 1 = 100 ft., and with a depth, h = 10 ft., have a 


web thickness, t, equal to § in., , while similar girders of another: railroad have 


aweb 1 thickness of ve in. near the supports and only Zin - at the middle. ‘a These 


girders, both satisfying American specifications, have very different fectars 
of safety ith regard to the the web. ine edt 4 


2 


TABLE 9.—VaLuEs OF THE aging a, yy IN Equation (28) Fo FOR A Ructacvtan 
SuPPoRTED AT THE Epaes SusMirrep TO ‘Suear. 


7.0 


ore | satisfactory design | can be obtained from a consideration of the 


stability of the stressed web. fn? Near the supports the: shearing force i is the most. 


important factor, and stresses. due to bending be neglected. Considering: 


part veb between two stiffeners as 


Papers ELASTIC STABILITY IN STRUCTURES 869" 

— 
steel sheets for built-up sections of mempera, SUCR aS 
om- 
of THE VEB OF A PLATE GIRDER 
In the design of plate girders, 
800 
‘a 
alue 


only the action of shear (Fig. the critical 
of shearing stress can be found from | consideration « of the energy, and the equa- _ 


tion for calculating g this vi value has the same » form as Equation (23). ~ ‘The cor- 

responding values of the numerical factor, a,, are given in the sae. 9. 
Applying these results to steel plates = 30 X 10° Ib. per sq. in., c= 

“an assuming the distance between the stiffeners equal to 5 tt., the critical 

of shearing stress for different depths, h, different 
are as given in Table 10. “th. 


TABLE. 10. 


500 


safety as 2 ‘el? ‘the average shearing stress a the | 
ag 


‘support as ‘5 000 eh: Table 10 shows that for both the plate girders — 


drive bee At OOL == mages 193 eee bret 


be ‘aileoe was assumed that the’ buckling of the web was not accompanied by bend- 


ing of the stiffeners. ‘This ‘assumption will be true only when the stiffeners 
have a sufficient flexural rigidity. The necessary magnitude of the moment 
of inertia of the cross- “section of the stiffeners can be found from the potential ze 


energy of of these giving the data o 


is the flex- 
| 
al rigidity of the of the web tw stiffeners. 


ost Under actual conditions the factor of safety will be greater than 2, because the edges a 

of ‘the plate are assumed as simply supported and the stiffening effect of fixed edges is 

See the er’e paper in Der au, Vo 


: 
= 
: 
be 
om 
lm 
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pains he quantity, 6, of Table 11 denotes the ratio, I: in which, | 
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the: 


This is the necessary value for the moment of inertia of the cross-section of : 


_ At the middle e of the ‘span the shearing ‘stresses: can be neglected i 
parison with normal stresses. Then, the part the web between two stiffeners 
ill be in the condition represented in Fig. Ap plying the same genera 
energy method, Equation (28) will be found ‘calculating critical values of 
“The corresponding alues of the factor, are ‘given in 


| 


value of a, will be for the ratio, —, equal to 0.67. Ev 


the placing o: of stiffeners « closer together at the middle of the 


Table 12in the of the girder a= 5 ft., 


Tt was assumed that ‘the edges were ‘simply supported; in practice. they are 


always rigidly con: nected with the flanges. _ Therefore, the actual critical stresses 


will be somewhat greater than . the theoretical. _ Nevertheless, probably 


buckling of the web occurs under ordinary ‘loading conditions. ‘This bucklin 


not represent an immediate danger to the girder, but it 
wipeeing of the girder flanges and of the rivets, which is -undesirab 
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Considering the comp ressed top chord of a half-t ough bridge 
uniform cross-section having hinged ends, and assuming that the com- 


on pressive forces are continuously ‘distributed, 8 ‘shown: by t the shaded area in 


Fi ig. 6(b), the critical value of the | compressive force at the middle can be 


calculated by using the energy method. & In this manner an equation analogous 
oe to Equation (9) ‘ean be established. Equations (6) and rc ) for the potential 
energy of bending and the potential energy ‘of deformation of the elastic 
5 
‘medium ¢ can be used also i in this case. In calculating the work done by the 
oe 


“compressive forces during lateral "packing (F ig. 13) a assume that Support 


of on . rollers, so that. during buckling it moves toward | Support A. ‘Due to dis- 


‘placement of one , element, d z, _ of ‘the strut (Fig. 1 13) the loads acting ¢ on the 


-right- hand portion - of the strut are displaced toward Support A by an amount 


equal to a ‘d and the work produced during this 


ot Th 


ning the critical value f the — 
, will have the form : oF te 


The curve in this case is not a sine curve, ‘but it can 


‘be assumed to be represented i in the form of the series: 


i 
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q be. 
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«force, 
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In calculating the | of 
mulas will be used 


cos? 


ta 


ft. os mae 


even number 


Pot 


; and, 

‘when n is an odd number. rw mist aut 


yy 


da 


Substituting 


be 


n order to get the critical talus: of the compressive force, there « “ re 
‘mains the coefficients, to be determined in such a manner tha 
Equation (F) will be a minimum. Bym aking the derivatives of this expres- 
sion with respect to gy to ZETO, | a system of eq 


found having the following form 
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tuting this series in Equation ( B) th at the ends of the strut. 
an 
Ter 
rd 
..(B) 


h, for simplification, 
= 
the values, 1, 8 5, the following equations 1 result: 


a, 


ree 


POTS, O8 af see 


‘Only the coefficients, su nter into Equations (J). cand,» 


as seen from Equation ( C), only « deflection curves symmetrical en aaa 

to the middle of the span correspond to these 

By taking, for n the bi even values, 2, 4, (6). 
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a, 


Eq 


4 
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the corresponding deflection curves es have | an n inflection point at the middle. ay 


§ 
ten 
m 
Phis 
1) (J) be differe (J) become | 
ati 
— 


culated by the following method of su p 

_ Begin with the case of a very small K; then, as. 
of the simple case in Part [) III, the deflection curve e consists of o one wave only 
and the system of Equations (I ) must be used for the calculation of the critical 
forces. Take, for instance, K = 0. Making all the coefficients, 
a, equal to zero and only f the sys- 


| 

‘This first approximation, equivalent to the assumption that the deflection curve 
is a sine wave, is somewhat greater than the more accurate value, y= 


given in Table 2. . The error of the first. approximation is about 43 per cent. 


7h order to” get a better approximation take two consecutive coefficients “fi 
and Oy, , and put the remaining coefficients “equal to zero, in ‘the system of 


Equations (J). . Then, the first two equations of this system become 


+ a, 


= 


al 


Solving this ‘quadratic: equation, am 2, 2.08. This second “approximation i is the 


this’ case e the , second “approximation g gives ‘three correct figures. for the factor, 
In the same manner, calculations were made for, 


and the corresponding g values of y are given in “Table 2. Fe or Poa values of 
aa a 7 Equations (J) must be used, because in such cases the deflection curve : 


; 

will have two waves with an inflection point at the ‘middle. 

; - increase of K curves will be obtained with three, four, and more waves. 
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The ent does more ‘survey ing and makes” more maps 
among the map- using pubie are well ‘acquainted with the work of one or two 


_ Federal agencies, but do know that. many agencies" mak surveys and 


b that the number of map makers and map publishers is even larger. * 
do’ avi) Boar. OF Surveys AND Mars bate. 


ole The Federal Board ae ‘Surveys and Maps is composed of a ‘Tepresentativ 
§ and standardize all Federal s surveying and ‘mapping funetions and harmonize 
these with similar non-Federal activities. bit. 


a ‘During the ‘World War, : and ‘immediately thereafter, it was believed that 


E considerable duplication of work existed and that by consolidation or co- -ordina-— 
tion greater ‘efficiency mapping could be secured. Previously, ‘the U. Ss. 


Geographic Board had been given advisory ge the various Federal 
agencies avoid unnecessary ‘duplication of work ¢ and to unify and improve 
3 ident that ‘with a few 
these agencies: had Tittle or no Inowledge of similar work done, 
way, or “proposed he others. AL — 
On J uly 1, 1919, the Chairman of Engineering Council addressed. a letter 


to the President, suggesting thathe appoint: = 


YER Arie ‘Board of Surveys and Maps’ consisting of a 4 representative | ‘don 


than any other ‘organization, , public or r private, i in the United States. Many ae i 


from each of, the principal map- -making agencies. duty is. to. co- ordinate 


each | of. the present Federal map-making agencies, together with representa- _ 


tives from well-qualified map-using agencies, which would be vested with iy 
uthority to work out a plan of standardization and co-ordination of the work — uf 
of the Government, and to report: the same to the President for such action 
—Written discussion on this paper will be closed in August, 1929, 


Presented at the meeting of the Surveying and Mapping D. 

Chf. Engr., U. S. Forest Service, Washington, D.C. 
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to > confer ont report to him o on the subject, ~ Later, the Forest Service and the 
S. Hydrographic Office | were added. Inti their report, the representatives 


stated that there was little actual denblaniias 1 of effort materially, affecting the 


"progress ‘of the star andard. S: topographic map ; that the US. Geological 


Survey was” responsible for the “preparation of this map; ‘and that it “was 


co- operating - closely with the U. S. Coast and Geodetic Survey, which, i in 


4 : 
other work, was engaged it in the execution ‘of the ‘required 


The early. completion of the topographic maps 


‘The conferees ‘unanimously agreed that it is ‘impracticable to make ‘the 


topographic: map on scale sufficiently, large to meet all Governmental 
and ] private needs and adaptable to all special and unusual | purposes - Where 


- standard map does not meet the ‘needs, sp pecial 's surveys would have to be 
made. While the various _map- -making agencies had shown a commendable 


spirit of co- operation, it was the opinion of the conferees ‘that many Oppor- 


_ tunities for co-ordination existed. _ Therefore, they recommended suits a per- 


manent Board of Surveys Maps be appointed. 


On December 30, 1919, the President, promulgated the Petite Executive 


“Tn order wel ordinate ’ the activities of the various map-making agencies §f 
; a the Executive Departments of the Government, to standardize results, and § 
ay to avoid By of work, hereby constitute a Board of 


ve e of each of the fol- 

Corps of Engineers, U.S. 


Arm 
S. Coast and Geodetic Survey, Department of Commerce, 
Geological Survey, Department of the Interior, 


4.—General ‘Land Office, of the Interior, ti? 


= 


‘ 

—U. 8. Lake Survey, War Department, to afistob bie 

—International _ (Canadian) Boundary Commission, Department o 


 18.—Forest Service, Department of Agriculture, aba. 


‘14.0. S. ‘Hydrographic Office, Navy Department. 
To the fourteen original member organizations the President has since 
added eight agencies, namely, ayevig@ to a * 


Military Intelligence Division, General Staff, W ‘ar Department, 
Federal Power Commission, to tuo drow ot 

Bureau of Aeronautics, Navy Department, 


Bureau | of ‘Foreign and Domestic Commerce, Depart ment of Commerce, 


Geographic Section, Department of State, 
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This’ on which each of twenty two organizations ‘has a 
tives 
¢ the request ¢ of any ‘organization or individual. ‘The policy i is to invite full co- -opera- : 
gical ‘tion from any Federal or non-Federal map-making or map- -using’ agency, 
the presentation of its views to the Board and by on ‘committees 
h, inf 
uired are: ee ordination echnical ; Topographic Maps; 
General Maps; "Hydrographic Charts; Control; Photographic Surveying; 
Information ; ; Cadastral "Surveys; “Map Reproduction ; Military Maps; and 


. The mergbership of committees | is not restricted to 


‘eral ‘employees are best qualified to advise « on til 


ae to give to each bureau engaged i in a any “specific ga of SUPVEYING | or eed 


further the purposes of the Board, an “Advisory Council was 
This consists. of -‘Tepresentatives | of -Federal organizations primarily: en- 


| gaged or interested in map- -making, : as follows: bas 


American Association of State Highway Officials, to moltent 


American Institute of Electrical Engineers, 


_ American Institute, of Mining and Metallurgical éers, 
American Society of Agricultural Engineers, Yo. ot 
_ American Society of Civil Engineers, 
_ American Society of Mechanical Engineers, _ > 
Geological Society of America, 


National Electric Light Association, 


or 


Society of American Military Engineers. VIED an 
This Advisory Council is also organized. It is usually represented at. the 


Board meetings by several ‘members and is entitled to members. on prac: 

tically all the equal to. desi mated 

by the Board. 30. hotel st ati ce od 

‘The information office reqvi ired by the Executive Order has 


established since January, 1920, and is” known as the “Map Information 


Office.” As an experiment in co- -ordinating closely, related against 


combination under one administrative | head, the Board of Surveys and Maps of 
has. been. a decided su success. Fy It was soon ev ident that the « duplication. in work 
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per the epnantasitine to reduce the cost of handling were far less in: 


han had previously n believed. Many opportunities, however, were found 
for better co- -ordination of effort or greater ‘Progress, and the results accruing 


- from | ‘the Board have exceeded the anticipation of those advocating its ¢rea-_ 
on. Much | has been done clarify t the mapping situation within n the 


practices and specifications have been established. It is: interesting 


to: note that t although t the Board has. not insisted upon ‘compliance with. 


standards by the member ‘organizations, , these standards | are generally, accepted i 
and followed. Notable among the approved Committee reports are those on — 
vertical and horizontal control for use or geodetic investigations; on 


photographic surveying standard map ‘symbols; on seale standard 


topographic maps; on standards for. base maps of the United States; ; and on 
se of aerial photographs in topographic mapping. HOHE 
The Board has made known the methods, plans of operation, and results a 

of each Bureau to all the others, so that full and prompt use can be made of i 


ale results. ‘Tt has brought a about: uniformity ‘in scales , symbols, and types 


projections for maps, and has almost entirely eliminated the possibility for — 4 


e opportunities for standardization, co-ordination, and service are con- 
tinual y arising, the Board has already completed the major. part of its 


work. ith work now under way with the 


users are ; 


topographic map of the United Seated: on the expenditure scale and 
also within the 20- “year period approved by the Temple Act, the agencies 


esponsible for this “mapping can ‘proceed with every assurance that their w work | 
. will be in accord with specifications and practices that have been found best. 
All other bureaus whose need (of 1 maps. exceeds the present rate of ‘Progress: 


are now prepared for the larger s scale of operations. 


‘Many pene organizations of the Board are map makers only to a minor 


extent, but they use maps extensively. Others do little or no surveying work 


and base ‘the map preparation on compilation from other maps. Such m maps 


are made are designed to meet a special need of the yureau. 
Whi h are the primary | ‘surveying | and map-making agencies of the Fed- 


ral ' Government”, is a question frequently raised. . Surveying and mapping 
of engineering i is, of course, a service or a | means to an end 

rather ‘than ‘the end itself. ‘Considering ‘ “primary” ‘to refer to those agencies 
in whieh si urveying and is the major objective, it ‘appears that ‘only 


can be classed and its work i is practically completed. the me 


onion of the Board of Surveys and | Maps, a maximum of eight have 


engineering accomplishments ‘in varying forms, as the major + objective, tho 


surveying and mapping work being incidental. m major function ‘of at 
east four member organizations: engaged surveyitig) 3 is “non- engineering 

i 


in haracter. 
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18 number would be about trebled by including the member 


relating the volume ‘of ‘surveying work, “the. ‘agencies which’ be 


‘included are the , Geological § Survey, Coast and Geodetic ‘Survey; General Land ie 


— 
pares of Engineers and the’ Lake Survey.» bem 


pares Location and Constraction; and Cadastral. 


‘4 Geodetic Surveying. —The geodetic work is largely con ined to > the Coast 


Geodetic Survey, Geological Survey, Hy drographic | Office, Corps « of Enigi- 
ee Lake ‘Survey, ‘Mississippi River. Commission, and International Bown- 


dary Commission. {dowagest tegrot ae [low en 


The Coast and Geodetic Survey is responsible for the “extension of first: 


triangulation, ‘first- order traverse, and first- order: leveling over 


United States. This work is complete. Based on the “present 


scale of appropriations @ and progress, | it is estimated that approximately fifty 
years ‘will be required to ‘complete the work. fi to. absort 


The control work lof the Geological Survey is confined to ‘that required 


for the preparation of the standard ‘topographic maps 


; usually: this m means 


by the Lake! Survey w was 8 of the first over The work of the Corps of Engineers 


and Geodetic: ‘Survey and: the ‘Geodetic of ‘Caniada, The 

graphic. Office does such triangulation work as is necessary in making charts © 


Topographic Surveying- surveying | work is” carried ‘on by 
a “number of agencies. “ot robin odd 


ite. 


pe The » Geological Survey is engaged i in making a a map ‘of the United State 


and Alaska, involving both topographic and geologic details. It is the agenc 
_tecognized ‘responsible for! the standard topographic r ‘map of the’ Unitéd 


States, based on the fundamental control furnished by the ‘Coast and Geodetic 


Survey. “Tt also conducts investigations relative but fae and undergroun 
Waters, ¢ classifies the public land, and supervises ‘the engineering phases of © 


mineral leasing. present, ‘approximately 48% of ‘the’ Continental United 


we 


“States is covered ‘by the topographic map, but about 30% of this must be | 
‘worked over, corrected, “or supplemented. a great extent ‘the topographic 
is ‘done in’ co- -operation’ with the’ States, but a “comparatively small 


| nee of mapping of Federal lands is done wholly at Federal expense. Based i 
on the 1928 scale of expenditures and progress, it is estimated that the pret 


“graphic map of the United States will be ‘completed i in about 90 ‘years, but 


including the re-surveys that must be made, the total tin ne will approxima 


ime roximate 
zed under three ‘major lines: 
Chemical @) soil investigations; ind (3) 


an 
fertilizer and fixed- ‘nitrogen investigations. Under “soil | 
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table and i is single in character. The» field men of the Bureau do this 
work in connection 2 with the mapping of soils. The maps : are compiled in 


The Forest Service administers the National rests; co-operates with: 
ae States in maintaining organized ‘Protection of forest lands» against fire; con- 
duets investigations in the entire field of forestry, including economic and 


industrial as well as forest research ; ; diffuses information relating to the best 
use of forests and forest products; promulgates rules and regulations for the 
administration of grazing on National Forest ranges; and, in short, seeks 
to promote the application of forestry on both “public and ‘privately owned 


ands, together with efficient and ‘economical use of their yields. In general, 


‘map needs | of ‘the Bureau in connection with administering the forests 
and for protection. against fire will be adequately met by the standard 


faq _topographie m maps ‘and the township plats of the General Land Office, Roughly, 


15% of the latter work has been completed and, on the whole, ‘the urgent 
needs are met fairly well. The topographic map situation is decidedly: poorer, 


need ‘of more and better m maps 


mapping 
administrative function. Due to of standard ‘topographic maps, drainage 


surveys are made. In ‘eo . aggregate, a rather large amount of work is done 


ae in locating roads and trails, but. this is extremely simple. in character. — The 


larger portion of the other mapping is incidental to the cattealitanns of informa- 


on timber cover and grazing classification. ak, ofl 
The military activities. o of the Corps of Engineers, comprise reconnoitering 


and Surveying, together with fortification construction, repairs, ete. 


‘plans contemplate mapping, independently or by the Geological Survey, 
large areas on | the coast lines international boundaries. The topographic 


> 


a small force of draftsmen, are available for mapping work. 
_. The funetion of the International Boundary Commission is. to lay down 


~ 


the boundary line in accordance with existing. treaties between Alaska and 


Qanada and between. the Continental Tnited States and Canada. All the 
field work has been completed : and the necessary map making. and printing ale 


near y done. batensises ai, Ji big to, 
The primary function of the Air Corps, so far as mapping and surveying 


is concerned, is. the making of: aerial photographs. Until recently and. acting 
home under a co-operative arrangement with the Geological Survey, t the Air Corps 
did all such work as was required in the “preparation o or “correction of ‘the 


standard topographic maps. work has. increased greatly during the 


for still further increase i in the, amount of. air mapping. 


past few years and i is now. of large proportions, The are favorable 
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Location and Construction -Surveys—The Bureau of Reclamation i is” 


charged with the investigation, ‘construction, and management of irrigation 


developments in the arid States and investigations of reclamation and 


farm development outside the arid 1 regio. _ It makes examinations of, and : sur 


veys for » irrigation’ works: and their location, construction, ‘operation, ‘and 


his The Office of Indian Affairs has charge of the Indian tribes of the United | 
States (exclusive of | Alaska), their education, lands, ‘monies, schools, general 


welfare, and the purchase of supplies. Maps of the reservations are compiled 


and | surveys: ‘irrigation, power projecta | are 
are avai 


The of Public Roads supervises pike work d 


under - the provisions of the Federal Highway ‘Act. Tt e 
National Park Forest other ‘Bureaus in the and 


confined largely to the leveling and traverse work: road location 


t of rivers, harbors and. 


waters of the United States. ‘The work ‘also includes the: ‘supervision of 


‘structures erected in navigable waters. Surveys of ‘rivers: and harbors” are 


made in the amount and detail required | ‘for. the location, construction, and 
other work. ‘Triangulation and leveling have been exten ided ‘along portions 


of the Ohio, Tennessee, ‘Mississippi, Sacramento “Rivers, “ind in some 


Mississippi River: ‘Commission ‘makes investigations ‘and survey of 


the Mississippi River incidental to its main purpose of permanently locating 
and deepening the channel preventing destructive ‘floods, protecting the 


Hydrographic Surveying g—The U. 8. Coast ‘and “Geodetic Survey is 


“charged 1 with the survey of waters and with the publication of charts. This ee 


Work: includes base measures, ‘triangulation, 


“long the coasts ; the survey of rivers to the head of tide-water or ship ‘naviga- ee 


tion; ; deep- sea soundings ; temperature, and current observations along ‘the 


coasts ‘and: throughout ‘the ‘Gulf and Ja apan streams ; ‘magnetic observations 
and researches and the’ igalitie ation of maps showing the ‘variations of 
restrial magnetism ; seismological investigations; gravity research deter- 


mination of heights; and the determination of geographic positions by astr - 


nomic observations for latitude, longitude, and azimuth, ‘and by triangulation, 
“to furnish reference points for “State surveys. Charts. are available for th 


i entire sea oast of the Continental United » States bu , due to the increased 
of ships ‘and to ¢ hanges ‘du ‘Man’ and Nature, ‘the charts’ or only 
the entire coast are considered adequate. 


af 
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for, about 13% the, coast Alaska, if Bering. Sea vis inelud e 
coast which, is important: to commerce and industry may be “considered as 


about half charted. The work in the Philippines is 80. to 85% completed. | 


On work, substantial. ¢ co- -operation was: g given by the Philippine. Goyern- 

ay be to be ‘complete. The charts for Hawaii, are about 
‘half done 


sie Bee ‘he primary purpose of the U. S. Lake Survey is the surveying and chart- 


ing, in the interests of ‘navigation, of waters and shores ‘of the Great 


Takes, connecting and outflowing rivers, Lake Champl lain, the natural navi i- 
gable waters ( of the New York canals, Lake of the Woods, and. other boundary 
and connecting waters. between that lake and Lake Superior. — The work is 
milar in kind and purpose to that done. by the. Coast. and Geodetic. Survey 

: along the seaboard. — The program of surveys on the Great Lakes i is about 95% | 


complete: ‘The on the ‘New York been finished d and the 


the Hy drographie Ofico cha rts of foreign 


hydrographic data, provides charts, sailing directions, and 


manuals for the use of ° the U. S. Navy and for navigators. Charts a are now 
available: for about, five- sevenths of: the world voutaide! the. coasts 


Cadastral, Surveys—The agency | in. raping 


is the General Land | Office, this work being. incidental to the ‘survey, manage- 


ment, and disposition of the public lands, the ‘adjudication. of conflicting 
sisi. relating thereto, and the granting of railroad and other rights of way, | 

easements, and the issuance of patents for la lands. During ‘the fiscal year 
= ending June 30, 1927, almost 4 000 000 acres were surveyed and about 1 200 wf 
more were re- surveyed. The total acreage 2 suiveyed to _ that) date was 
Imost 1 300 000 000. The job of sand subdividing 


work will come to an The. 


AMIGA 


work is usually on a drainage basis" and i is done in, connection with the reg- 


lar township, survey work, Topography is accurately secured on the sur- 
veyed. ‘section ‘lines, but the of of is 


J i 
confined to surveys to the purchase of land ‘to be included in 


National, Forests. These surveys are located almost: entirel 


From tl the standpoint of 1 he v volume of maps of, different areas made and 
the. opographie. Branch « of. the. Geological Survey undoubtedly 


d, 


: leads, but many maps are made by others, particularly the H ‘drographie Office ; 
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Ce 
raphic the Post Office Department, of Soils, 
, Bureau of Public Roads, ‘U.S. 1 Survey, 


Commission, ‘Mississippi River C ‘and Military Intelligence Divi- 


sion of the General Staff, War Department. 


Maps of the United § States are published by the e Geological Survey, General 


Gand Office, Coast and Geodetic Survey, Forest Service, and Buresiti of Public 


te oy peat 
No two maps contain exactly the same data. general informa-— 


tion “maps, “those! ‘published by the Generat Land Office the Geological 


Survey are usually the ‘most serviceable. ‘ef ‘The maps of ‘the Bureau of Public 
Roads are “essentially road. “maps, while the primary reason for the Forest 
Service | map i is to show the National Forests and other ‘Federal : reservations. nae 


fo. State maps are prepared an published by the Geological Survey (sea ps a 
of 1:500 000 and 1: 1000000), Topographic Division of the Post Office De- 
partment, Bureau ‘of Public Roads, General Land Office’ (Public Land States 


only), and Forest Service (a few of ‘the National Forest: States). 


pea rir 


General maps and special maps ‘and charts are published, | as follows: 


Forest Service: : Each ‘National Forest, 4 miles to 1 in.; certain Na 
tional Forests, 2 miles to 1 in. a few National Forests, mile 


Ai Bureau of Soils: Each soilsurvey. 


Ooast, and Geodetic Survey: Hydrographic charts of | 

Geological ‘Survey topographic quadrangle sheets on 
Seale ‘of 1:62 500)": 125 000, or 1: 250 


General Land | Office: _ Township plats ; mineral plats; of 
townships ; supplemental diagram plats. 
i Réclamation Survey: Project 
U.S. Hydrographic Survey: General maps of the world; general ocean 


of “hetivities) Sectional sheets of progres- 
litary of t the United 


Phar Lake ‘Brie ‘charts of lake shore line; 


‘a Charts of the Mississippi 


maps on large for instance, maps of St. 


WounGary maps 
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Federal agencies making 
a map giving special informati 
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i 
‘sometimes Lowildare does. where to make. application. 
obviate this difficulty, ‘it. was even suggested | that all map-making agencies be 


combined under one administrative head. ‘The difficulty - was satisfactorily 


removed, however, without affecting bureau or separating engineer- 


me functions f. from the administrative functions which they directly serve. * 
ee In accordance with the Executive Order of December 80, 1919, the Map 

Office of. the Board of Surveys and Maps. wes, created. It is 
located in the | Interior Department Building. This Office acts as a 
“house for "special hydrographic, po geodetic information as 

. well as for that. of a general geographic character. If the inquirer knows the 
agency the duty, of which it is to obtain the desired information, he naturally 
sends his request direct ; otherwise, he seeks the aid of the Map Information 
Office, 1 which has direct ‘communication with all the Federal, offices from which 

Additional to information derived from Federal | sources, the office hhas | on 


reference = of various kinds from commercial sources 


| 


> 


. One copy of each type of map is available for dis- 


a “play or reference. Tf: a map is needed, it is advisable to ask the Map Informa- 


tion Office. *F requently, duplication of work will be avoided thereby; maps 
— made are an “unjustified burden on thoas who first or last pay 


The Federal agencies are servants of the Due to their 


‘id If information or advice is. ‘they are ‘glad to. be of 
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“AMERICAN: SOCIETY OF CIVIL ENGINEERS 


da PAPERS, AND DISCUSSIONS 


Tis Society is not penppnatits for any statement made or opinion expressed 


TURES 

ent x 


maps to plot their location and | Stoaie. 
soil | classification of the land surveys, | what sections are mist suitable for. 


“agriculture, grazing, and timber, and what sections should be set aside for 


clearing and for reforestation. They m nake possible a knowledge of the extent as ; 


of water power available for conversion into electrical. 1 energy, the quantity 


that may be used for for drinking. ‘They will 


the lowest | cost per ton-mile. They show the geological formations which ‘are 
guides to mineral } resources, including the important reserves of coal and oil. a 


For « engineering operations, they show the elevation of every point : on 


ad water and the distances between locations. 


whether plans a are > feasible, and to o calculate their « cost. 


jade is not sufficient for « an engineer to know the Snead a a ‘map, he als 


must be able to present to his. employers such concrete and well-founded facts” 
that they may comprehend and accept them. In this age of dollars, and cents, pe 


NotTe.—Written discussion on this paper will be closed in 1929. 


Presented at the of the. Buryeying ; and Mapping Division, Washington, 
‘April 26,1928. 


Major, Corps of Engre., U “8. A; Baitor, Engineer ; 
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it will take deinite igures to swing a necessarily materialistic board Of direc- 
a : ors or city council to a full appreciation of the value of maps. The figures ae ei 


Maps, their broadest: sense, 
‘modern institutions ‘that they have become 
scratched his, rude charts on his, cave in othe Pyrenees, through | the epoch- 
making military "achievements of erxes, Ale exander, a and Cesar, t rough the 
explorations of Captain J ohn Smith “mapped Chesapeake Bay 800 years 
ago, down to the great construction ‘projects of modern times, maps have been 


an important factor in, making human history. Facts constitute the founda- 


tions on which every. engineering structure should be built. (Since maps supply 


of 


had to | be. ‘subdivided and tenanted, sprang into 


Europeans... _ During this « epoch, there was little demand for maps, not only: 
because of the time factor, but because the maps : and methods of the day were 


< 

When the feverish activity of building settled to a steady routine, when 


expensive relocations became desirable, and when the Courts became clogged 
with a few began to ‘realize that building had been’ 


a rapidity amazing to tl the more leisurely and nd deliberate | 


does not always create a demand—modern adver- 
tising expenditures prove that. t. With the handwriting of sad ‘experience on 
every’ wall, the finds a limited demand for maps, 


worth! the 
ae cost?) Rather, it means s that their full ecoaiante value is not commonly under- 


stood and that there has been 1 no systematic plan of education. As a rule, 


f£ the few who have given thought to the economic side has beet ‘but raiioal 


i in the wilderness. siodt atalgoleo brag ‘works: 


Volumes have been written on every technical phase of making, but 


ave been content: with perfecting a desirable article, with: the. attitude that, 


if the public cannot see its utility, ‘no one is'to blame but itself. This’ ; apathy. 
ay be because most mapping has been done by governmental agencies, , the 
rimary function of which is that of production. ot 


Lowever, light is beginning to dawn, a as is shown by the formation of the 
ree s Surveying and Mapping’ Division and of the Federal Board of Sur- 


_veys and Maps and by. the inclusion of more comprehensive courses on “the 


ity economics of maps are more gen- 


Mee is true 


economic structure. In all | ages, from the time that the Cro-Magnon man q 
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q Bas entire United States on a scale of 1: 62.500, and within 20 years, ae a 
im 
plan 
desi, 
3: 
a si 
tria 
y 
ili raphiec map has long been establishec the 


the utility of gun- centuri ies before it) was “used efficiently. 


good maps is known, but as Mark Twain said about the bad > 


In recent ‘years, the greatest demand for high grade’ has ‘been, not in 
frontier regions’ ‘into which | civilization is. pushing its way, but in 
densely” ‘settled ‘regions which may have been mapped’ repeatedly. This is 
| hecauise business customarily withholds all expenditure ‘until conditions justify : 
it: ‘In its early development a ‘corporation is reluctant to ‘sink 3 money ‘in map 
making, because it is not a tangible asset on which a loan in the form of stock 


To maps may seem an ‘intangible Tuxury instead of the dif 


ference betwe een an economic guess and a an economic certainty. An’ automati 


moa of him specifically ont valuable are the mines answer is likely to 


be unconvincing. He has considered them to be so he has no 
attempted to ‘define their economic advantages. ; 
beg a is not sufficient for an engineer to know the importance of a map, he 


- also must be able to present 1 to his employers such concrete and well- found d 


facts that may comprehend accept them. Comparative . cost 


- are seldom ‘available. because, for instance, two dams are.not built on the iden- 


JOR 
tical location, one with and one without maps. 


os Because Man’s mind i is s incapable of grasping, holding, and manipulating all 
k 


the facts of Nature, he makes use of mathematics to develop formulas, and of 
"drawings to depict plans. i In this way one obstacle at a time is overcome and 


set aside as ‘teference, where it is immediately available and can be brought 
“back into the picture when needed. | A ‘mechanical engineer would : ‘not consider : 
Planning’ ix in his head all | the parts of a complicated machine and then proceed 


ing with its construction. 3 Likewise, it is ‘is impossible for a civil engineer to hold 


his mind the multitudinous facts regarding a ‘piece of ground. 
Complete and -accurate information ‘en! 


trial plans’ and greatly increases the: probability of: securing the one : most 


' economical location. Tf thes survey. is properly controlled and monumented, it 


is: a ‘simple matter’ to make ¢ a comprehensive ‘design and transfer it fr 
i Iti is ; seldom economical, however, to: make. a topographic 1 map of such pre 


sion tha project of. any magnitude may be given a ‘final location. From 
i may be: laid out within close enough tor of t 
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United State’ is ib abode: 43% mapped, , mostly by the Ss. Geological 
urvey « on a scale of 1 : 62 500, although the maps of nearly one-third of the J 


” rea covered are out of date. These sheets form a sail utility map and are: 


‘excellent for most. forms of preliminary surveys—for highway. locations, for. 


for electric developments, for reclamation Such 


“naissance. For example, in ‘the case of the Catskill: Aqueduct it w was 5 necessary. 


to run out the locations in the field, because g geological structure was ‘of more 


In designing a certain trunk sewer an estimate was made on a Geological 


Survey map. af Some question arose as to the correct location of a divide: sa 
‘single. line of traverse run through the area showed nearly double | the acreage 
sed in the tun- -off computations. — It was not that the map was unreliable, 


ut that it was being used for a purpose for which it was not intended. . . The 
making of lergersonte, maps for dowel; areas will always be necessary for special 


Poor maps are frequently as bad or worse than ‘no maps. Not 


Lit ‘3 an 
‘a they be misleading in a vital item, but they actually ‘stand in the way Of an 


most “Maps are ‘Teasonably : authentic, the tendency is to accept without 


- question the data printed thereon. f Because a location is definitely ‘shown on 
does not prove th that it is correct, as many costly mistakes will testify. 


map should be scrutinized or tested for its accuracy. it: is a Govern- 
‘ment map, it may bear the date of its making, and this is a 2 good indication of 
what may be expected | of it; if its source is unknown, sufficient lines should be 
run in the field to establish its reliability. Where design is particularly. 
dependent | on map data it may be well to check the details. The rare case 
where a mistake is found will justify the procedure as in a certain hydro- 

electric construction already well under -way before a new ‘survey proved the 
original one so inaccurate that the entire project had to be. abandoned. . wiih: 
_ The exactness and detail necessary for any particular map are questions — 
- for which solutions must be based on experience and good judgment. As a rule” 
‘this should be determined by the engineer responsible. for the plan and not by 
the surveyor. As designer, | the engineer will know the limits. of tolerance, and, 
% therefore, may specify the scale on which he desires the survey made. 2, Since, 
properly made maps, the accuracy depends on the seale, he has a definite 
ndex for his: calculations. What the scale shall be is usually « 

rule of thumb, For: reclamation maps, ft. contour intervals were found to be 
nsufficient, and it, was necessary to resort to those of 1 ft. or 2 ft. 

_ Immense sums are spent: annually for emergency surveys executed with no 
thought and 1 little chance of finding uses other than | the single o1 one for which 
they were made. They are seldom controlled by triangulation or referred to a 


datum, with the result that subsequent users have little confidence in the work. : 


United States | control net will shortly cover such a 
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e survey may start from aS 

a definite r hence the ensuing 1 work be of more permanent 
Equally important is the question of monumentation. Even emergency | 


"surveys should be permanently marked on the ground, and notes and refer- 
oe the fully controlled topographic map of the United States which the | 


‘Temple Act would give, 1 there would be available a base for any map requiring 


a lesser degree of refinement. - Hundreds | of surveys ‘are made annually, such 
as for automobile road ‘maps, which, as a rule, are valueless for any other pur- 


pose. With the complete atlas all such surveys ‘could be eliminated, _ 


off _ A frequent ¢ cause of waste is that the area in included i is not sufficiently large. 
% This is particularly true i in municipalities. A map is made of 1 an area in which 


1 


improvements, such as sewer lines are projected, and is satisfactory Ail nao 
- purpose ; ey when the extensions inevitably come da new sewer 


true value of accurate maps. ‘These are made on ‘die of 1000 


ae he inch with a 2- ft. contour interval. _ The completed map i is brought to. 


‘the office at Austin, where ‘all ‘problems in a levee out” 


are ‘actually located 01 on a this topographic map in the office, perhaps 100 miles. 


rom where the improvements are to be built, as well as the | proper ' lines and 


grades. High- -water levels. a are determined precisely, are. total discharges, 


preliminary. quantities, areas of land expected. to be damaged, and even othe, 


- final development of the protected land along agricultural lines. 


mio 


; _ The Austin: Office reports that, in the many years during which this per- i 
fected plan has been i in use, there never has been a mistake or ‘failure i in the 


procedure. ‘Without a map of the high degree of accuracy needed i in this work, 


whole would have been doomed to failure. ats 


+ ‘tes ‘It is the irony | of fate, however, that the “more refined and detailed a ‘map, 
the sooner i it is out of date. a good base available, however, ‘revision: may 


made ‘readily and cheaply, by. the. use. of aerial has been 


demonstrated in the. Los Angeles. Quadrangle. 


INVESTIGATION OF ‘Warer Resources 
One of the most valuable uses of the general utility map is in connection 


with the preliminary reconnaissance of water resources, which includes irriga- 
tion, municipal “supply, and power development. These projects frequently 


‘wwe 


cover many square miles, for, i in order to determine the gare -off, it ‘may be neces- 


sary to plot the ‘complete water-shed. In other cases, the water must be on: tei, 
ducted by artificial means for long distances. A map having accurate dontouits | 


Existing ‘accurate maps materially reduce the cost of _making ‘reports in’ 


connection with hydraulic: ‘developments. which 
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tion, due to the fact t that no, one 
In the’ for ti Catskill Water -topogray 


opographic ‘maps 
from the U. S. Geological Survey were used, saving a heavy « cost for preliminary 


field work. A number of re routes which might have appeared to ‘be good suiel 


tions were  climinated without further consideration by a’ simple ‘reference control 

To for irrigation and reclamation the flood “waters the one-fif 

Valley of Arizona, it was found that the ‘standard Geological Survey the m: 


gave practically all t e requisite information and, with some limited 


surveying on the ground, of this rather elaborate Plan, incl 


x 
are available to show the economic value.of maps in high- 


way work. ty At a cost of more than $5 000, a field party | endeavored to locate ‘ 
a highway line between Lafollette and Jellico, ' Tenn. + giving a route more than 
26 miles long: Later, strip ‘map owas. made of the territory and from it 


road was er having a ‘maximum grade ¢ of only 6% and being exactly 19 


= miles lotig a saving of nd $200 000 of 


a 


ren q 
visualize the sum be saved to the Nation in its 
allt at bohasa AOS We 


xe 


a During the era immediately before and after ‘the Civil War, Chéee: ves the 


great ery of “Westward Ho”. "With frantic speed, long ribbons” of steel 


Very até 


were laid across mountains ‘and prairies. The | known gaps in ‘the mountains a 


were ew, and the line of the railway was frequently determined by a horseback 


ince to verify the accounts of Indians that such and such a “pass 
existe most cases, there was ‘no question: of balancing the desirability of 
different routes. With competition keen and a clamoring demand, the over- — 4 
shadowing need ‘was to get the line built, 
w This. was done, and the opening of the West is one of the most glowing 


epochs of American, history, With the advent of ‘reliable: maps, however, the 


— companies s have been continually straightening their | lines and i 


phic 
map, a new for a section of the “Wabash Railway, near 


Ohio, saved 2 200 ft. in at curvature, and 600 ft. of tunnel, 


road by at. least $85 000. 
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The statement has: beet: made! by Gen. 
State of Massachusetts had had a good topographic bday? in 1826, \sovine' twenty 


million dollars would have been saved ‘in’ the public’ ‘railway expenditure.” ” 
Such a saving would amount to more than $2 400 per sq. mile, while a topo 
graphic survey would have cost less” than $50 per ‘sq. mile. natic 
of such great natural wealth could have Stood: sich losses. - An accurate and 
controlled topographic ‘map: ‘of 'the éntite | United States would have’ cost less 
than $100 000 000, yet here’is one of ‘the smaller States reporting a loss of 


Sie 


bal 
one- -fifth of | this. total in 1 connection with only one of the many uses to which 


; L Maps AND “Bounpary SURVEYS 
a “The cadastral maps of Babylon depended on the descriptive fixity of various | 
places on charts and this is ‘used i in principle even to- day. 
r 


One ‘of the vastest enterprises based by statute ‘on cartographic. 
tion was the disposal of the ‘nation’ 8 ‘public lands ‘comprising more than one- 
half the total area and now ‘supporting 57 000 000 ‘people. Because’ of inaceu- 


rate original property surveys, of monumentation 80 poor that the marks were 


soon lost, and of descriptive field notes so carelessly written as to! be indeter- 
‘minate and even contradictory, there has been a vast and 1 unnecessary -expendi- 


ture of money in legal action, and in re-surveys— —n0t to mention the losses ie 


to original land owners or their heirs ‘through the development of voids. Only 
the oil boom in Eastland County, Texas, surveyor, 


10 years ago, during 
was Te- “running old lines, ina single year found voids” that would have been 


worth m more than’ $100 000. 0. ‘Texas is not a Public Land State, but its lands were Ned 
“surveyed i in much the:same manner as the Federal fublic lavids: tO 


The’ question of boundar ary ‘dispute is as. old as land mership. fa 


‘ease of other days was the question of the boundary line between the United 


‘States and Mexico, as determined by the Treaty of Guadalupe-Hidalgo in 1848, a 


é 
=. 


4 


and laid down ona ‘specified map of the United States, a copy: which was 
appended to 'the treaty. When an attempt was made to Tun this boundary on 


‘the ground, it was f found that’ errors of 2 or 8° existed in ‘the’ * projection of the : 
mm: map, ), 86 that’ it was impossible to execute the text of the treaty. The sum of es 


-$10-000.000 was paid to the Mexican Government to expiate’the ambiguity of 


Maps are assuming ‘a more ‘important ‘pole j in State jurisdictions. OI One of as 


‘most difficult cases brought before’ th he Court ‘is when boundary lines! are 


alluvial and meandering streams. The investigation of x ‘riparian conditions, to 
determine the status of lands ‘affected by ac accretive and avulsive changes in the 


channels’ of rivers, ‘requires topographic ‘maps i in connection with cadastral’ ‘sur 


veys. Mapping work of this: character is: ‘becoming regular proced 
actions involving? a changed status ‘resulting from natural causes, or from 


material error in the early su surveys. tori ifs b 


number of. “years, Federal Government has appreciated the 


economic value, ‘not only. of accurate maps, but of'1 maps which can be used for 


= 
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> ‘Nenana coal fields in. Alaska in 1915, the primary object of which’ was to 
: identify ¢ coal lands, Partly for Naval reserve and ‘partly for leasing by definite 
oe, to authorized applicants for mining. There were made a , cadastral survey 
by legal : sub- division ; a topographic. survey controlled horizontally ; and then a 


‘the plats had been. drawn, and the yr cartographic ground- 


swings! the business, of leasing the lands. in all three fields had been com- 


pleted. om The economic value of this combined survey is readily | apparent, and 


dination of effort would have entailed a a loss in both time and 


Parallel yr “preventi has been what might 


ligence, Many of fundamental ‘problems. i in. the: life ite a 


a community may be solved by the aid of an accurate topographic map. It per- 


mits natural topography to be utilized a8 an asset: and not fought as a liability. 


eyes An alternative to design on the ‘map is experimental building. © On every 
hand errors of other _days are being corrected, streets widened, grades 
_ lowered, and even new streets opened through built-up sections. The. crazy- 
; quilt pattern of most street plans is eloquent of the lack of forethought i in their 


% develo pment, which | means that they were not planned with an accurate topo- 


graphic map as ‘a base. rit bertiod t Yo ‘Hofftoup ott 


Pt a map covential to zoning, to streets, to designing 


important that drainage follow. natural lines to sewers. ‘tt. 


‘bo Many sewers actually slope. the. wrong way, with the: consequent, flooding 
of cellars and streets. In: a small town near Cincinnati, Ohio, there is a sewer 
Re which does not begin 1 to discharge until its contents stand 14 ft. . deep i in @ man- 


hole a block « away from the outlet. ty The effect on community health is obvious. 
cities ant disoovering that! the within their 


total taxable value hes been increased, with: the subsequent soquisitien ‘of 


City engineers often change, so that the work accomplished during any one 


ad administration is usually only a fragment of the whole plan. An accurate m: map 


n which developments have been. plotted ; gives to the 
definite evidence of the projects ¢ an Cessors 
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ne of the greatest ‘alts a ap is to National def tense. No 


to his environment than 


soldier in active operation. A diguigbis' ‘map not only facilitates this “by 


allowing h him to study the field before his arrival, but orient 


and d quickly distribute, his forces on the oun 


fox the preparation and ‘execution of modern war plans, “All opera- 


tions beyond. the most rudimentary troop. leading, are worked out on. maps 
during peace-time training, in Preparation, of course, for efficient practice in 


The | uses. for maps are almost innumerable i in. They 


| eee of positions; in the locations and layout of defenses and sett sahan, 


the planning of offensives. the support. of actual operations, maps’ are 
used in. the location, ‘proper -ordination and. ‘construction of bases, depots, 


- camps, hospitals, lines of communication, and dumps. One of the lasting les- 
2 sons of the World War was the realization of the importance of adequate 


maps. They were 80 essential to the conduct of operations that. editions show- 


= ing important areas were demanded « every day. 


Practically all European countries are completely and precisely mapped. 


This has been done almost entirely by, or for, the military authorities. The 


fe map which is vital to National defense also meets all reasonable demands « of | 
peace-time activities. The costs of a modern war are stupendous that any 


agency” shorten its duration for even a day must be onsidered 


{ ‘thoroughly. i In the event of: an armed invasion of the United St: te: 
might reduce the duration of the struggle by months. to 
His fi must have maps i it is of more importance tha at hi 


| His failure to possess maps | at a critical time may have inflicted 


public woul be a an n invaluable asset. 


‘is p ularly important in the firing of where, if the line of: explod ; 
ing shells is too far in front of advancing troops, the enem y has” an oppor 
tunity to leave its shelters and meet the infantry, w with machine- -gun fire. 


the ‘other hand, if the fire is short, it will fall on the attackers: themselves 


with a astrous effect upon their morale. 

ie The larger caliber guns’ may fire 20 miles within the enemy lines, but, on 

account of the short life of the gun, the expenditure of ammunition must be 

reduced to a minimum. It is essential that there be a large 

mapped ‘that no shell be needlessly wasted. The value of maps to rap 


thowing routes and | emergency landing 
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eurvas of iho Motanuska and Bering 
of all this, areas along the American: coasts and 
which are, entirely unmapped. The standard 1:62 map. has been 


adopted tor. Army use and. will serve in all except fRectal localities. y which will 


require a scale o $2 mass 


andr: 
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Topographic maps geo y ‘are an 


geologist prepare them as he needs to 

keep track of his : elevation, possibly with only 3 a hand level and ¢ of his position, 

Many features. shown on his topographic’ map’ immediately indicate where 
woe he may look for certain qeihigiod? conditions. » Here he’ finds the key to near-by 
deposits: of economic value. Tor represent adequately geological formations, a 


map must have accurate elevations on which can be shown the structure of the 


ock strata, , the” thickness of the formation. and extent: “of outerop, and ‘the 


So necessary are maps that one geologist! “reports that in ‘twelve years 
- geological activity in the United States he has spent more than $100 000 ‘for 


maps. In the West, whenever oil. geologists take a contract to examine a a piece 
land : for oil prospects, their charges are from 50 'to 100% ‘more for unmapped 


territory. than for areas for which there are maps. 


ot see Without standard | sheets the same territory may be mapped repeatedly. In 
one particular oil il area, h half a dozen surveys were made ‘competing pros- 
pectors, each of whom naturally. kept. his information from ‘the others. The 
«State. which has studied its mineral resources and published their descriptions 


on maps is the one likely to lead in their exploitation ‘and development. fAo08 1 


AN Such Tuincs Bet 


In view of the actual savings by the use of of maps, seems inconceivable 

that engineers would. permit w ork to be undertaken without. them, yet such | 


Any topographer knows | the difficulty of « determining elevations and slopes 


rely, by eye—that, he will occasionally see the “apparent phenomena of water f 
td aK ’ 
punning 4} up hill, . % A real estate man of the old school with his eye and index 


finger laid out some of the important units of a a development, including, a, short 


railway spur. His « engineer - objected and finally, persuaded the realtor to permit 


a survey, which showed the ends of the spur at a ' difference of elevation « of 
a be ft. instead of, the 3 3 ft. estimated. by the lat latter. T 


him ‘of the. necessity of a contour map. 
At 


might, gend. a vessel l to the bottom with the subsequent loss of lives and 


"The maps is restricted t to. en ineers and, scientists, and 


probable that, of million, topographic, sheets sold | annually by the 


The. automobilist uses" 
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road les pers, mou! el where, 
= lovers of the great getdonss use them to acquire a keener appreciation of 
small New York: -papered a wall with 


ety sheets covering Central ‘New York. I It was a source of constant 
is townspeople. : Many who came to consult, stayed to bu 


re ‘desirable to have ge 


agency than by ‘municipalities: or private The efforts of 
er are largely sporadic, piecemeal, ‘and uncorrelated. | 
% operation is desirable, it is better that the work be done by the Fe ederal Gov 
rnment, as * is easier to insure uniformity and a highe st 
d to obtain a ‘greater economy of administration: 


With full and authentic map. 


‘cial « opportunities, ‘and ‘there can n be co- in 

with the undisputed facts of map data. 
A campaign to educate all engineers to the | economic value of Boers wo d- 


be profitable; but this i is only going a small part ‘of the way, for, rather than 


7? — map ‘maker or map user, it is the financier, 


trator, who ‘must be _converted. _ They are the mountain to 


if they will woke come to ‘maps, maps must | go to — 
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"PROGRESS: REPORT OF THE COMMITTEE OF 


By Crarence T. _Jounston,t M. Am, Soo. C. E. th, 


a In th final ‘analysis, boundaries are mathematical Hines limiting. the area 


BE 


While the shores of lakes, and 
streams may “serve for immediate reference, surveys finally determine the 


boundaries: they represent i ina general wa way. National governments frequently 


sub- divide public land in anticipation of settlement. 


following. classification seems to include all surveys made for. the pur- 


1,--Original public land surveys, domestic and foreign. 
—Boundaries of lands reserved for public uses, including forest 


reserves, military reserves, Indian lands, public parks, sites 
zfoe _ for public buildings and public works, swamp lands, etc. WS 


to —Boundaries of private claims on unsurveyed land. 

4.—Boundaries of lands set aside for canals, reservoirs, railways, 

"highways, drains, electric transmission lines, water- 


—Private. land surveys: han’ 
titty 


(a) ‘Retracing public land surveys, 
(b) Sub-dividing areas held by 
“Tor 


_ * Presented at the meeting of the Surveying and ‘Mapping Division, ‘Washington, D. C., s5 
April 26, 1928. This is a report of the Chairman of the Committee of the Surveying and 
Mapping Division on Boundary Surveys which consists of Messrs. Clarence T. Johnston, 
The report has 


Chairman, G. M. Ames, G. H. Fenkell, F. M. Johnson, and H. J. Sherman. 
not been acted on by the Executive Committee of the Division or by the other members of — 


F eae Prof. of Geodesy and Surveying, Univ. of Michigan, Ann Arbor, Mich. 
‘‘$¢The common terms used in the United States are used. Political divisions’ in foreign 
_Any of these boundaries may be on land » along rivers, balzea, 


countries may vary in detail. 
chains, or the ocean, wholly or in part. 
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t 


—Maritime, along sea coasts.’ 


—Along 1 rivers’or lakes. 


sssifications are ‘not defined and ‘merge into each other in a way th 


Definition of navigable waters is is lacking; also, definitions of 
ive 


given and. there, mean but. the general, expressi ossi ions, 

igh- water mark”, or ee -water mark’, 4 ‘are, to be found in the 


aw a in regulations, and even in Uourt decisions. . The man in the field, 


owever, who is presumed ‘to set m monuments for ‘such marks, has thi 


received but little aid from ‘the Taw or from: ‘science. 
Surveys. —Prior to the » Revolutionary War, large areas of lands 
lying west: the ‘Thirteen Colonies were claimed by the “Mother Country. 
7,497 
Several | Colonies had received something in the nature: ‘of concessions which 


gave them | some claim ‘to areas’ in very” terms. “There were 


and it was evident to o the framers of’ the ‘Constitution’ public lands 
be transferred to ‘the Federal Government to avoid ‘trouble’ betw ‘States; 


su to ich 


& depleted “treasury. The proper “administration a expanse of ‘publi 


lands by a democratic people i involved responsibilities that seemed ‘to ‘have no > 


precedent in the history of nations No expert advice was available as the 
ew Government began. to function, and , there was no marked evidence of 


ability; for, more. them: fifty years the signing | of the Consti- 
During: th period public Jands were disposed of in large blocks to 


and: companies | who, in turn, ‘sold ‘them to settlers. - Most o of ‘these 
nade by. special acts. of Congress. was ne 


nowledge ‘of | the lands in ialley to, avoid | 
“experiment, a system of 


was was ‘carried ‘on ‘under the wasteful contract 

ore than one hundred years. nspectors of public land 


urvey 
ere not appoi inted until toward the end of, Nineteenth Century. 
cost of the surveys themselves plus the ‘cost. inspection, led. to a study, of 


plans looking toward a complete reform. 


had provided scientific training for a few engineers who, interested ‘i in 


work of this kind: rte ‘Thanks to the influence of this tew ¢ életent and to the 


good judgment of the 6 Commissioner - of the General Land ‘Office, the contract 
system was abolished | thé of President FR eve Com- 
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employing qualified men throughout all branches of the land administration. — 


I is certain that improvement rather than retrogression will wit corded as ie 


Fortunately, it was unnecessary to determine the boundaries fot: many areas 


“reserved for parks and. similar. purposes until after 


place in public land surveys. Thus, engineers with 1 the best training 


became available for this special work. At present, the General. Land Office i is 
able to -operate. with: several other departments of the Federal Service. i 
which competent surveyors are retained, ‘outt at 
In the survey of public. land 


many private land claims were encotintered 

‘some belonging to persons not. citizens ‘of the United States. While the Gov- A 

ernment has been careless’ in protecting | the , pioneer, those who occupied. lands 


before the Government -¢ould. afford any ‘protection. have received. 
justice from Congress and from administrative officers. — 


of this kind are respected and their boundaries are Staak 


While the great area of public lands “was passing to private ownership, 


much: other was in. progness. Lines of communication were being 


to of training. “Tt w as. thew ulti- 


“mately to mark their boundaries, ory lia 


“Many people entered Oelifornia, following the Mexican War and the dis: 
 Seseet: of gold, either by way of Panama or by overland trails. Most of them — 
intended to engage in. mining. Conflicts arose between then relative. to titles 


traditions and e able to compromise and open. 


serious losses. _ They met in informal conventions. and agreed. upon rules 
which every community would enforce. JA Federal Court was, the first sign of Z 


governmental machinery in this new country. adopted many of the miners’. 
rules relating 1 to lands and waters. bain leit: nb 


Congress was ‘soon, called upon: to enact laws affecting. the disposition of 


‘mineral lands of the public domain. — These laws ‘now ogee of the 


by. the. early miners of California. As “mining distriets developed, particu- 
larly throughout th the’ the United S mineral deputy surveyor, ‘became 


the nation, and. the procedure looking to patent, axe accepted, 


a ‘recognized 


survey all claims to ands before patents. are > granted by the Fed 


‘It requires no great, i imagination to foresee the time when all public land 


surveys will have been made, when lands reserved: for public purposes opel 
have been laid out and their boun 


similar developments | will 


4 _. In this field of public endeavor, as in many others, the details of legislation __ _ 
and administration appear favorable. The Nation started without a definite 
— 
t 
a 
3 if 
a 
ie 
— 
| 
— 
to 
2 
ne 
of 
4 
in 
he 
&§ 
m- 
continue to be extended, but there never again wi 
= 


a period: as the thirty years following the Civil War. 


Surveys of mineral lands will continue for a long time. te win! Ba | 


contrast with these ‘groups, private land surveys are becoming more, 


; complicated and of more importance. Through the operation of public land» 
laws, patents are issued to entrymen. - When these are recorded locally, ‘the 
land described i is ‘privately owned and i is subject to local taxes. The ) average 
value of lands, at the time of patent, was probably not much more ‘than $2 or 

— $8 per acre. Much of it was bought under the Pre-emption Law, or under 

the commutation clause of the Homestead Act, for about ‘$1. 25 per acre. Tt 


nsidered impossible to pay surveyors vé very ‘much’ for establishing boun- 
 daries for s such cheap lands. Al All these increased i value to 


It is probably that take the their 


own defense and social improvement, until they begin | to suffer. Groups” 


people do not think. Thinking is an individual matter, and progress 
from individual effort rather than group action. ‘It should be remembered 


that the surveyor has rendered an extremely valuable service to his country. 


He has been a lonely character; has undergone privation ; has received but 
little in the way of ‘euiaghnention’ or praise; has suffered ‘many physical hard-— 


ships; and has. seldom been understood by the few who knew him personally. 


+ 


If there are any glaring defects in the surveys, they are not to be charged to 


e surveyor. The service that he has performed represents 0 one of the mmeny 
gifts to an ‘ungrateful He is very much like the pioneer class to. 


Re 


hs and the careless public, which enjoys all the ensuing benefits, seh eetiiinda 


its thanks. nor makes any record of the. great debt it blow. to. 
‘The wealth of the country lies in its lands. . Only the skilled | surveyor » has 
_ the training and experience to locate boundaries properly. If he should claim 


to establish | boundaries, he would find himself entangled with the law and all 
the ‘machinery that the law has set up. V olumes have been written | by men 


who consider themselves to be experts i in the law of surveying. ae test of 


a theory i is its application ; a test of a law or Court déciston relating to ‘survey- 


_ ing can only be made in the field, and the surveyor knows much more about 


_ the application of laws pertaining to ) surveying than the lawyer knows about 


‘The surveyor and surveying itself have been injured by the attitude of 


“many engineers — s who believe, or argue, that it is a rather low-grade profes- 
sion, if a ‘profession at all, and that but little training is necessary for one 


: _ who plans | to enter that field. This attitude has made it impossible for many 
; engineers to appreciate the necessity for accurate ¢ surveys when a accuracy ris 


i essential. _ They have an idea that surveying is performed i in some miraculous | 


way | “and that, as far as they are concerned, they need pay no attention to it. 
An analysis” of the engineering work connected with any large structure ‘will 
that a considerable part of the ‘skilled scientific work ‘is surveying. 


Instead of encouraging men to continue in in surveying work, » many engineers: 
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@ Held for the novice and the Deginner. is injurious to 


and to the individual “da is obliged ti 
4 undergo the depressing ¢ experience. The surveyor and his art have also suffered 
because scientific branches of the National State Governments have 

- obtained control’ of surveying activities and have placed them under the super 


vision of men who, by training ‘and experience, are not qualified to appreciate iv 


or properly direct the work entrusted to their care, 
Although errors were made in public land ‘surveys, thet onuments set in 


connection therewith must be respected until some other system of control is 


. 


provi Private land surveys are connected i in some way with ‘these official 


monuments, many of which éannot now be found. _ Original surveys were no 
made carefully enough in many cases for r the lines to be retraced and the posi 
tion of monuments to be determined by following the notes of the public land : 
survey. Many competent ‘surveyors | “find themselves faced with insoluble 
problems when they attempt to rely | wholly on the official notes. 


to 


service. . Again, ; 


in the Court than to. advise freeholders- a peaceful course. ff. he 


om makes a good appearance as a witness he 1 may become detrimental. rath 
helpful to the community he should serve. 


If freeholders realized how much money i is spent. by (ithe) event, 


avoid litigation, ‘they would have 1 ‘more respect for bee advice « 

ng of old surveys is an art. as well as a science and freeholders phate under 
and that the competent surveyor, acquainted with local conditions, is in 

position to. render the best t technical. service and give the soundest advice a 


freeholders for a long time, and the Courts: arising 
from n boundary disputes. Some Courts in the East are inclined to minimize the 


importance of ‘monuments and hold that the best description of land i is afforded — 


: when the bounding frecholds are recited. This is undoubtedly a natural ten- 


dency of the legal mind. The layman can readily understand - a map which 

hows the lands which border the tract in question. It i is difficult for the legal 
mind to: understand mathematical lines and the points: of where 
‘monuments s should exist. The 


the surveyor when he advocates, or gives descriptions which bdo. refer to 


‘this work should as becomes available 
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leers B expensiv r relative to boundary lines, _As lands increase in value, — —— 


The now offered by engineering achouls is often not sufficiently thor- 


of should pers practice and see to 
that the qualifications for those proposing to engage therein are 
cribed. The survey of a boundary y is public ‘business. . The registration boards | 


of the various States, having power to define public work of an engineering 


‘character, should. announce in definite terms that all surveys relating to 

boundaries are public work. No survey of private lands ‘should be made except 
where a complete closure i is possible. There sh should be National standards 

The time may not be far distant when all monuments marking boundary 


ines between _freeholders may be connected to a system | of eontrol. Then the j 


monuments set | by the public land he mete gre may be ignored. The public looks — 
ith 


to the engineer for service in connection ‘with private land surveys, and he 
should not attempt to avoid this” Tt would be ‘much better ‘to 


have an opportunity for An attitude toward 


surveying spreads to other branches of engineering. 7 ’ They, too, are becoming 


"This “careless “attitude has ed to’ handbook instruction in 


reshmen a are shown how to use transits 
is method 


‘course. This not prevalent in ‘other professional instruction. 


A physician n necessarily employs much scientific equipment, but medieal schools 


. és! not try to interest freshmen and sophomores by teaching them how to use 

‘the! instruments of the ‘surgeon. ‘Teachers of ‘medicine have concluded that 

those w who propose to become physicians should know something | about anatomy, 
biology, and bacteriology, before they begin to use the practical equipment | 


porated within the manicipal ‘limite of “cities and towns. surveyor 
encountered many problems as this sub-division work has progressed. ‘He'should 
have some knowledge of other systems of municipal development and should be — 

a stimulating force i in his community rather than a hired man. His ‘education 
should develop ‘a respect - for science. . He » should know something about the 
history of land tenure and enough about: , the law to enable him to keep his | 


_ clients out of Court. He should understand the best. examples of municipal 


A helpful manual on land surveying, issued by Mr. F. Hodgman, 6f Climax, Mich., 


determine and record the boundaries of private lands, modern society woul 
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devel epnient in an the: imagination to henwhleidto sugges 
improvements. If the engineers of the. -eountry were represented by a.large 


— 


group of surveyors who. could stimulate interest: in ‘matters of local concern, 
they would not be so generally misunderstood and under- appreciated . As long 


as certain branches insist on adhering to the. Engineering Profession and are eG 
mable, because of a la ack of training or p proper organization, to render adequat 
service and make a ‘definite impression on the entire Engi 
neering Profession must suffer. the 
Political Boun 
by engineers qualified both by ‘training ea rly ‘ae 1763, 
Mason and Dixon came from England to establish line which ‘still bears 


their names This, interest in, 


a valuable precedent. political boundary lines follow parallels, of 
and meridians. These astrono1 mical lines | ‘cannot be located « the grou nd 


amateurs in “seience. here errors have been ‘made in marking political ig 


pater aries, re- surveys by more: competent men or by using better « equij ment, 


or both, have furnished results which have definitely settled boundary dis, 
County and township ‘boundaries often follow lines delineated by 


land, surveys, nearly all cities are expanding their boundaries, however, 


their limiting lines are constantly shifting. fs Surveys ‘made at the time sett] 


4 ‘ments were first established were generally poor and cheap. . As villages, towns 


cities developed on ground formerly occupied by pioneer the 
ume and quality. of surveying have ‘steadily, increased. . Old monuments, ts, which 


formerly marked the boundaries of lands owned by settlers, are frequently 

located. in, inconvenient and often inaccessible places, asunder expensive 
buildings. Cities gradually lose. the points of control which designated and 
_ protected the boundaries of freeholders and extend their triangulation contro me 


to provide carefully located monuments, placed where they may be protected 


4 


Ultimately, all municipalities will be. obliged to accept. this kind of control 


‘Triangulation systems will extend from town to town and all. rural, as well 


as urban, development will be tied together in a a single, great network. . Wit 


the rapid: extension. of all lines of communication the necessity fo! 


evident. As cities have furnished some of the bes 
- government, 0 they will stimulate interest in boundaries of every description. 


Riparian —Men have e never ‘given much thought to natural 
yesources which cannot be ‘exploited or used in an. exclusive w way.” ‘The older 


- civilizations have lone since outlined and accepted wise principles ‘ relating to. 


water’ resources. ‘While the United States has received: much benefit by the @ 


a Beet of the English © common law, it must be remembered that this law ‘was 


develop din countries where the necessity for a public administration of water 


a matter of serious: concern ‘to thie people: at large. The 
into being under feudal’ government. Tt has gradually 
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improved under the influence of individuals ‘possessing abi 
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combinatior pow intere st in improvement ine 


thing. Frederick the Great, of Prussia, 1 was an outstanding example. This 
ey ‘more to him and to’a few similar characters than it 
commonly admits. The lawyers and Courts. of his time were fettered 


ws traditional law, many , phases of which did not presume to lead to j just, decisions 


etween man and man. In Carlyle’ s “F rederick the Great’ yn is. an account. “? 
case relating to waters rs (known as the “Arnold Mill” which that 


great ruler and administrator | took part. 


. During the early years of the common lms waters were considered either 
s Crown n property or as belonging to, no . one in particular. _ Under feudal 


overnment, the Crown and the aristocracy owned the lands, and the 


relating to. real y ‘property and to waters were in the nature of 


tween “proprietors. Conflicts ‘relating to. waters d dia not frequently arise 


because life was simple. and é e uses of water were few. ~The common law 


of England was carried across the Atlantic, and, when the American Colonies 


Were converted me States, the common law was made available where statute 4 
law did not exist. along the Atlantic seaboard were not 
much different from those of and and Northern Europe, ° where the com- — i 
Little study “has. been given water resources where the a is ample | 
ar where streams are more important as drainage channels than as sources © 


f water supply. ~ Most ‘of the rules relating to the waters of he Eastern States 4 


re an outgrowth of common law doctrines. - “Few people have given the subject 4 


sufficient time to appreciate many of ‘of the common law rules 


cor to make constructive suggestions looking toa system of administration 4 

which would protect all public and | private : interests pand § stimulate development. 
oh ‘There seems to be no good reason why feudal doctrines relating to water, _ 
accepted by a few landlords: several eunialtia ‘ago, should still meet the needs a 
d interests of modern ‘society. Unfortunately for this ‘country, the only 


element that has had ‘the final power of decision in in ¢ cases of this kind is "a 


apply them. The arid countries of the. world have made the most progress in 


the administration of waters. When people begin: to suffer, they begin to 
investigate — the cause of their afflictions. The common law of England, relat- 


AT 


ng to waters, cannot: be applied very long in arid, countries before its aeiiite 


tf the United States it may be said that statute | 


not exist. The, ‘Western States have 


a 
res 
fol 
‘res 
— 
ic 
t 
I 
dents, the Courts are greatly hand icapped. ‘Shou 
a 
: d_lands which underlie or border 
ward iands whic 
ae diately affects the prevailing attitude to Be: 
| 
on law, much Confusion exists there relative to t 
iniluence of the comm d bank: of streams ard lakes. 
ion of lands which form the beds and banks 
| : 


No follow the history. of development i in the United. 


States without becoming something of an ptimist Public lands: were a source 
is of pri ate speculation for fifty or sixty years. Finally, public i 


é the protection of settlers won the battle. n Forest wealth was largely 


% "before the people at large began to think about the value of a timber supply. — 
During the last. half century public sentiment changed rapidly with 


_ respect to other deacutoes and to the interests of the generations _ are to 


ver cit 


Even under the common law the body. or corpus of 
‘rule in conflict with this prineiple would ‘fail in practical application, beckuse it 


would | be opposed to natural law. understanding of and of the 


responsibility. of ‘society in their “proper administration is necessary in any 


competent: discussion of riparian boundaries. It should be apparent to the lay 
- mind that if the timber supply is in adequa ite people w ill suffer for a generation 


“or two. "Trees would then be planted, and, in time, normal conditions would 

ae ‘Lumber is a vegetable olay which Man can control ; the supply of water 


is fixed by spiratnpad community must depend on local streams and lakes, 
in é ces always: 


e an ample study of the many uses of water, the necessity for * 
ic administration of water resources have to 


ational and definite ‘settlemer 


Statute law is silent regar 


of streams and lakes. 5 The common law reflecting. the interest: of feudal lords 


gives color to ‘these private ‘claims. roperty is private when it can be bene 


. ficially and exclusively used by ‘the persons claiming it. _ Banks and beds of 
ot, streams and lakes | cannot be privately used, except in a very minor way nd 
= then often at the sacrifice of ‘public, interest, The ‘maximum interest riparia 


rs claimants may ‘represent is speculative rather than operative. The waters them 
selves, under a all. laws, public. _ These waters must have basins (called 


temas 


for storage, and. channels “(called ‘rivers”), for the surplus water to. 


| 


waters. ‘There i is no ‘final definition of ‘navigable 


listed in the order of. their vital importance to ‘navigable? ‘uses 
a would be found well toward ‘the bottom, i in so far as rivers and la kes a 


mere public administration of. water resources does not hostility to 
ae private development ; rather that private development | will be safeguarded and 


AT Pass 


: permitted where private uses a are not in conflict. with vital, public interests 
Riparian may be, established on land. ‘They are unsatisfactory 


Be when they. are under water, even for a brief time each year. If those who make 
_ decisions, a and chin who write textbooks, relating to riparian boundaries would 2 


take part, in field work they now discuss, o5 to define, they would learn 
office 
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into the field sad face conditions w it 7 which 


of all streams aving a a right- angle. width of chains, or more. ‘hes 
line, under these instructions, 1 runs at mean high-water elevation where monu- 
ments were placed be seems that the regulations governing this work referred 
i; 
- to mean high- water elevation i in order to afford a general guide to the : ‘surveyor. 
‘e It v was his duty to exercise his best judgment on on the ground a1 nd 1 to locate a 


"definite boundary for the meander survey. . There. is some evidence that this 


was | 0 be accepted as the boundary. line between private and public property 

for all 1 time. ‘Since neither the law nor the regulations of | administrative 
officers stipulate | that these surveys: relate to boundaries, the Courts have not 
-Beapently construed them as such, In an effort to protect what the Courts 


often regard as private property rights, the importance of the meander surveys 


under the authority of law and under regulations: issued by competent 


public authorities may be wholly or partly ignored. is Entrymen who Sines 


patents the ‘Government to lands bordering on a _meandered lake or 
- stream thereby secured title to no lands beyond the meander survey. - Private 


invasions of banks and beds of ‘streams and la es have taken place what ‘the 
ae decision of Courts (thus reflecting the influence of the ‘common aw doctrine) 
rather: than by the ey ogee of Federal law and regulation of administrative 


The Federal Government had another reason for Wide 
and lakes. F reeholders could not afford to lose the use of submerged 1 lands, 50 


w 


the Government made plans “for their exclusion wherever the area ‘might be 4 
"sufficient seriously to handicap the prospective settler. and lake q 


viel 


the public standpoint, for if they” exist serious floods would be 
mote Considering and lakes: as. parts of natural drainage 


to be afforded uniform protection. This administration should be authorized to 
establish boundary lines between ‘private | and public “proper along lakes 
streams where 1 ‘meander lines do not already exist. Laws ‘of ‘this kind 
not likely to develop if initiative is delegated to those who have selfish interests, 


as “riparian proprietors”, or or to those who view the ‘entire field in: the light of f 
‘the common law. i The boundaries between private and public property should 


be determined definitely and all controversy between private and public rights _ 
and interest beyond these lines should cease. 


es ‘Wherever individuals may use the banks or beds of streams and lakes with- # 


ut detriment ‘to public interest, a a permit may be ‘issued therefor by public 
authority. if This would be in t he nature of a license subject to modification or 


with public interest. his kind of publi activity should be considered ¢ as 


on hnical an | scientific 


data. ‘must be in ‘the the’ extent, 


and 


should be rendered on the ground w vhere a Il persons interested serail 
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between private and public interest in the lands forming the beds and banks 


streams and lakes. Extending the ‘study into other uses of water, the 


running in the si same | direction. ‘The engineer and surveyor who, almost alone, 
are able to interpret scientific data relating to. waters, should be in a a position 
to those wh are trying to di 


responsibility in so- -called riparian lands. Modern Court decisions are rapidly 


ibe meeting tie Suce 


= 

4 _ the problems involved and appreciate the purpose and scope of the rulings that | a 
* § are made. It is as difficult to view a drainage basin or a considerable part of ieee _ 
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‘AMERICAN SOCIETY OF CIVIL ENGINEERS 


PAPERS AND D DISCUSSIONS 


Society not responsible any statement made or expressed 


REPORT OF THE. COMMITTEE 


The day has passed or architect ca can afford to p plan 


any project without complete topographic data, as a basis. use of 


‘topographic maps is ever on the imerease, If those engaged in making the 


surveys are to meet the. growing requirements successfully, the differing: pny 


ceptions of ‘topographic surveying must be unified and methods standardized. io : 


a’ 
i T ‘Oo many, @ topographic map is still only a picture to be used ¢ as a general 


Th 
guide. To others, it is an accurate representation to a fixed scale of the exist- 
ing physical condition of the terrain, upon which detailed plans may be safely 
predicated. These plans: may also be staked on the ground directly from the 
. Naturally, ‘the requirements of | map | accuracy and fidelity of ‘detail are 


entirely ‘different for the two differing conceptions. 


‘The members of the Committee on ‘Topographic ‘Surveys feel that methods ie 


in general use by the profession have not kept pace with devel- 


oped by organizations making a ‘specialty of such work. Most 


among su such special organizations : should be the U.S. Geo ogical 

“Survey and the | U. 8. Coast and Geodetic Survey. 

order to ‘obtain better contact with practice, a 


was sent to 93 engineering colleges and 115 practicing engineers in. various 


parts of the United States. is Approximately 5 50% of these letters were answered, 
‘Iti is felt that these ‘replies give a 1 good cross- -section. of topographic practice in 


“this country. They indicate a wide divergence of opinion as ‘to the. methods 


rg 


to! be used and the results to be accomplished. — “The two principal methods. * 


advocated were the plane-table and transit stadia. 


ere * Presented at the meeting of the Surveying and Mapping Division, Washington, D. C.,, 
- April 26, 1928. This is a report of the Chairman of the Committee of the Surveying and. 
- Mapping Division on Topographic Surveys, which consists of Messrs. W.N. Brown, Chairman, 

M. Beaman, J. K. Finch, G. P. Hevenor, and G. H. Matthes. The report has not been 
acted on by the ‘Executive Committee of the, Division, or by the other members of the 


N. ‘Brown, Ine. ), Washington, D. 
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aoe is both sur rising ae significan 


= practicing engineers, 20 should ; give e diametrically « oppos te answers to 18 others: 


As an example one man very emphatically states that the 
lane-t -table is the only method for taking and: ithe use of 


other i is antiquated, ‘unprofessiona , and out the 
‘dogmatically 


transit is the only one one to even 
is: that. fof use the same 


left hand know pape hand is doing. “This may Gite as 
_ applied to charity, but 3 not to topographic aurveying. (The efforts of this Com- a 


> 
nar 


Ae “mittee will be toward ; iving ir information as. to what both hands are e doing. ? It 


will try | ‘to standardize topographic, ‘methods 80: ‘that both ha nds will work 


‘opographic surveying be divided into two general classes: Topo- 


graphic mapping as. ‘executed by. the Government; and private or or commercial 
surveys. Each class serving different _ urpose has developed a distinct 


Topographic 1 mapping by the two Government usually 
has for its object the setting forth of general information covering large areas i 
be 


for the use of the public of this and future generations. _ _ Such ‘map must 


OF} 


‘or commercial topographic surveys usua 


large scales. Many are made with the object of securing ‘only information of | a 


uniform in the character, of shown, in their seales, ‘and’ in the 


y cover small areas at 


od, Vaart bs TI 
character, usually to. determine the feasibi ity of some ‘particular 
many instances, the engineer | is justifie in spending only sO 


ient’s money as may be necessary properly to obtain this special 


This often, leads to apparent ‘duplication of work for if’ the 
for fo oft to ant 
special in ormation ‘obtained by, the first Survey indicates that the project is 


ble, then a re-s survey of the area to ‘obtain additional data 


mal lentes 


sary. There i is thus a a marked dittcrenie 4 in object between surveys of the tw O 
lasses described, and this difference | has been largely responsible for the de- 
velopment of different methods i in use by the engineers engaged in Bee wo 
lasses of surveys. 
1e men engaged i in Government aving uniform work, have thor- 
standardized their methods. ‘The area to be mapped is studied, ‘the 
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of control planned, the scale and e¢ontout intel ‘the. 
ol planned, the scale an d contour | interval are selected, the 
arc 


tan of accuracy or limit of permissi ble error is : designated, and, each step — 
is planned in proper sequence. _ Methods are designated for each operation 10 


ST? DETR, OTA DOT 
nsure an accuracy ene the results of that. opera ion consistent with ‘the ee 3 


ments, of the n map ai 
men are making. the best taps can n be made for the m money ‘expended. ina: 


of the second class, “nately commercial surveys, >have 
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phases of the and so gives' little real thought to the survey. | The 
field men do their bit toward making a misfit operation. | There is’ too much 
hurry to “fool with” proper control, or control is consid red 


Lines are ‘run and closure errors accumulate. ‘Then lines are re-run to locate 


the trouble. Both time and 1 money are. ‘thus wasted. ‘When the desired data 


“are finally’ obtained, the project hurries | on into construction, where the uncon- 
“trolled errors become still more troublesome. og tO. 


‘Another reason for lack of standardization jin surveys is that 


“the ‘requirements: of each project differ so greatly. This emphasizes ix 
that the la nguage spoken by the men in each’ ‘class is different an | they do n lo no 
: understand one another. If this Committee can adapt some of the best prac- : 


5 tice fre rom the standardized | surveys to the needs of commercial surveys, it will ee 
“have done a great service. The Committee’s 8 efforts are being sich 


Control —The conception of a topographic survey as an accurate 


on of the physical features of the terrain ‘capable of servin basis for a 

‘paper location and as furnishing the necessary data for staking out such loca- 


tion on the ground, presupposes a certain accuracy of results. - Such accuracy 
cannot be secured reliably without some system of ‘control. Strictly speaking, 


no topographic survey, nor, for that matter, any survey, should be mete withou 
some form of control. The Committee intends to draw up specifications 
the form of control best suited to each type of topographic survey, emphasizi ng 


- that control i is not only a necessity for proper work but may be justified on the | 


grounds a 0 | over the Presen}. J practice which tends to to dispense with it 
Control, in the minds of many, is associated only with triangulation or. other 


forms of precise work, which | are too complicated and expensive for the ordinary 


job. There seems to be a prejudice against it as being | an expensive 


‘Conte, as used herein, denotes all points a sufficient degree 


‘limit. Tis the Committee’ s duty to convince engineers ‘that control is “the ox 
framework on which ‘the remainder of a survey is hung; that, it ‘is just as 


important to any survey. as either the foundation or r the | structure of a building. _ 
Accuracy.—At the beginning of every topographic survey it is important: 
; that a | fixed sta standard of accuracy be decided upon. This does not mean that 


& every survey must have the same standard, but it does mean a definite standard 
conforming to the requirements of th the particular case. T ‘There is a ‘definite 


“elation | between the accuracy y required and the map scale on which. the ata 


are to be platted. hoe * the ig bring Minds: raise 
‘There should then be issued written instructions covering the field opera- — 


tions necessary ‘to produce accuracy within. the prescribed limits. Otherwise 
money will be wasted i in the field, for r there will be as many conceptions of _ 


What i is to be done as there are field party chiefs. . Money will be uselessly spen 
in doing some parts of the field work more accurately than necessary, while i in 


iy _ others, operations will not. ‘be done with sufficient accuracy 


‘stands rd set for the v whole, thus vitiating the entire map. 
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parts. There is great need also for. map and 
a fixed. relation between the scale and: th the gecuracy 


the most important things in connection with a 
opographic survey, is the proper referencing, or ‘monumentation of a sufficient 


number of accurately located points to enable the easy, projection. on the 
ground of the s subsequent paper plan. ‘Yet, in many. cases, topographie surveys 
re made, and no permanent monuments are set to. mark the control ‘Points, 


a 
Wi 


Aerial Photo ogre Sathish has been successfully 1923 as 


an aid to topographic surveying, even - developing into a means in | itself of 


making such ‘surveys. Under certain conditions it offers. many advantages. 


yy et the colleges | are not teaching it, nor is the Engineering ‘Profession as a 
whole making use of it. ._ The Committee proposes to give data on. the best 

methods: of utilizing this new aid | to the topographer. uit 

ee Each member of the ‘Committee has taken a definite task in writing the 

specifications best suited for different types of work. ~ These will cover: Ag 
(1) Government ic surveys for scales of from 1:10 000 

(2) City topographic surveys for of 1 in. equals 100. t. tol in, 

(3) or commercial surveys for preliminary investigations, at 


of from 1 in. equals 200 ‘ft. ‘to 1 in, equals 2000 ft. 


4 
bs 


tee (4) Commercial surveys for etailed planning purposes, using scales of 
m 1 in. equals 20 ft. to 1 in. equals 200 wee 
e The first two ar about completed and good Progress. has been made on the 


others. ‘ ‘The Committee would appreciate any help. from. members either by 


discussion or. by letter. 
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PAPERS. ‘AND DISCUSSIONS 
Societ is ‘not responsible: ‘for. any statement made or opinion expressed 
Thad, ini its. ts. publications. to estas: od 


- PROGRESS REPORT OF THE COMMITTEE OF THE 
SURVEYING: AND ‘MAPPING DIVISION* 


i 


Among the old books’ in the Library at Union College is one entitled “The 


: ‘Gaile at Surveyor”, written by William L eybourne and bearing the date 1679. 


The dedication ‘reads as follows: 


i"To HOTS HOMAS PLAYER, ‘ot 


Honourasie Crry ONDON. 


the excellency of your mature judgment i inf Arts and Sciences ‘hath, 
- over- -perswaded me, 80 the wonted goodness of your “natural disposition doth 
- farther ‘invite me, to shelter these ensuing Tractates under the Tutelage of 
your Worship’s Patronage, whereof Geometry is the subject; a matter of that 
woth and, eminency, that. Philo (the Jew) termed it the Princes and Mother 
of all other Sciences; receiving its | originall Name from Measuring the Earth Ls, 
for when Nilus. by his Inundation drowned and confounded. the Aegyption. 
Banks, by help of this Geodeticall Art (after the Fall of the Waters) every 
man had his portion of Land restored to him again. And how much occasion 


we have had to make use hereof in the late London Ruines, your * Worship: 


cannot be insensible, ‘and my self (being several times by: the Cities’s favour’ 
employed: therein) can eminently witness. Now how necessary. Geometry is, — 
not only in Civill, but in Military Affairs also, I refer to your Worship’s cen 
sure, whose love and affection to, as well as profound knowledge therein, i 
best able to determine. For by the assistance hereof, the | ‘Military Archi 
tect: may fabricate his Fort: the Engineer s spring his Mines, Phitag his Batteries, 
plant and mount his Carinon to best advantage, and greatest annoyance of his’ 
Enemies; the General or Major lay out his: Ground for Quarters, encamp his 
Army, ete. _ And feeling there is so great an, affinity between the Art Military — 


and t the Sciences ‘Mathematicall, I. (in confidence, of your. Worship’s friendly 


_.. * Presented at the meeting of the Surveying and Mapping Division, Washington, D. C.; 
April 26, 1928. This is a report of the Chairman of the Committee of the Surveying and 
Mapping Division. Location and Control, Surveys which consists of Messrs. W. C. Taylor, 
Chairman, C. A. yg ae Robert Hoppen, Jr., cos B. Landreth, and J. H. Myers. - The report 
has not been. by the Executive Com mittee of the or by other members 
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= to } your r Worship’ 8 favourable acy And the rather, for that these few 


‘hdibeddievehieht of the Publick Works, belonging to this Honourable City, © 
n which your so deservedly dignified both in | Person, 


are busied once more crave for this my bold- 
ness; In the assurance whereof, as I shall always pray for the welfare of this 
~ City, so for the principal Governours, and. particularly for your Worship, to 
_ whom be continuance of Health and encrease of And I 


* is i interestiie to note in this book! 250 years old, that surveying in 


early days was devoted chiefly: to two purposes: First,  Royamiarien; and, second, a 
Ae. One hundred years later, in the United States, the demand for s ing 

also” along these same lines. The Revolutionar ry War brought out th 


need for ‘good maps” for military ‘purposes. In 1777, . Congress, in response 


need, authorized the “appointment of “Geographer. and Surveyor of. 
Roads”; ‘and in 1813, the a Corp of 


under the General ‘Staff of the Army. 


eat “About the same time the desire to ‘open up the great expanse of territory 


west of the Alleghanies, and across the Mississippi, brought ‘about the authori-- 


i sation of the public land surveys, which resulted in the or gnisation of the = 


‘With the beginning of the x nation means of communication between the 
dyes and for the transportation of goods t to and from the seaport towns led to : 
‘construction of ‘turnpikes: also, roads were projected into the West. The 

mous of these was” Wilderness Road through the Cu umberland Gap, 


laid out in 1775 by Daniel Boone. In speaking ‘of it, one historian says; pe’ 


The location of the road, isa to the skill of Boone as 


a practical enginee r and surveyor. It required a mind of far more than o rdi- 
_ nary calibre to anate through more than two hundred miles of mountain 


_ wilderness a way of travel, which, for a hundred years, has remained practically — 
nchanged.’ of 19191 T ted [livid of toc 

» The beginning of location surveying was ‘thus in ‘connection with these 
early turnpikes and roads, For a period of fifty years, 0 or ‘more, a great. many 


Pe “turnpikes were. laid out, some quite extensive, such as the great National Pike, 
riginally ‘running from the Potomac to the Ohio River and, later, e: extended 


into ‘Indiana and Illinois. _ Another famous one was the Lancaster Turnpike 
in Pennsylvania, chartered in 1792, from Philadelphia to Lancaster, 62 miles. 


_ This was a regular graded and stoned turnpike, It proved so beneficial that — 


as later e ¥ 


it was later extended to Pittsburgh, 203 miles distant, with not 


ing 33 degrees”, or about 64 per cent. miles ‘were 
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CATION AND ‘coNsTRUCTION 


he The characteristic of most of these ssn wt their straight alignment 

for several m miles. The grades were in some cases rather steep; the maximum 
on the National Turnpike was 8% per cent. 


io, Early i in the beginning of the nation, in fact even. before the Revolutiona 


War, there was a demand for the , improvement of ‘the rivers for 1 navigation. 


Most of these attempts were not satisfactory, and there was considerable agita- 


‘tion for the building of artificial canals. 
One of the first of t these was the ‘Potomac. Can al’ sponsored by eneral 


Washington. It. did. ‘not. materialize until some years after, however, v when. the 


company was absorbed by the Chesapeake and Ohio Canal Company. Several ie 
other canals projected and “routes ‘surveyed. Perhaps" the t 
important was the Middlesex Canal : in Massachusetts. For all these canals, 


‘European engineers were engaged, ‘although - most of me surveying was ¢ one b 


native Americans. _ elaval te anil sb: 


=. Oh remained. for the Erie Canal to create the Profession of Engineering in 


Surveys for it were authorized i in 1808. Some. “surveys and short 
e@nals had b been made before this time, for from very early beginnings of the : 


country: there had been a desire to find a route from the Hudson River to the — 
step, h¢ however, marked d the be ginning of real 


OV 


an William Weston. He had recently returned 
refused the offer. It was necessary, therefore, to develop native talent. _ a 


In those days, judges and lawyers were ‘surveyors, | for a Imowledge | of sur 


40) 


_veying was useful in questions of deeds, property lines, ete. From this sgroup, 


ames Geddes, a judge and surveyor of Onondaga County, was chosen for — 
first survey in 180 8. He, surveyed from Oneida Lake to Lake Ontario 
where the Salmon Creek enters it; ; another ‘line down the Oswego River to 
the lake; a line from Lewiston to the navigable. waters of the Niagara ‘River ze 
_ above the Falls and then from ‘Buffalo east to the tributaries of the Seneca 
River. In this work he followed the best route that exists for a canal; an 


the whole was accomplished for the sum of $673.”* bis’ 


os 


Geddes proved himself ¢ of remarkable ability and drew around him iil group 


ij 
of ‘men of unusual, talents. One of these was ‘Benjamin’ Wright, who has 
sometimes been called the’ “Fa of American Engineering.” He was 
udge and Surveyor.’ He had had some in canals i in ‘Western New 


In regard to this son of James Geddes wrote: 


_ “As has been stated, all efforts to secure the services of the English | engi a 
-Reer, Mr. Weston, having failed, the Commissioners n great ‘and Mr 


but a strong desire that Commissioners should feel a like confi- 
dence, if they were to be entrusted with the responsibility. Most fortunately 
for the State, the Commissioners gave these engineers that confidence. But 


in so doing, they encountered Serer of the enemies of the canals, in 
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and out legislative halls. On the Assembly Floor, it. was tauntingly. 
_ Who is this James Geddes, and who is this Benjamin ‘Wright,. that the Com. 
"missioners have trusted ‘with this -responsibility—what. canals have, they _ever 
_ constructed ? _ What great public w works have they accomplished? But, really, 
the Commissioners had no alternative—and now it is easy to see that the course 
ise, adopted was much wiser than to have entrusted the canals to the keeping of 
any one man, as would have been the case had the efforts made to secure Mr. 


_ To add still more to these difficulties in egard to the « engineering, it was 


daa’ in high places, by men who claimed much knowledge on such subjects, § crosse 
that no confidence could be placed in an ordinary engineer’s spirit level for to inc 
: laying out long lines of canal, and that there was no possibility of running 
a line for the long levels, that. was not liable to be erroneous to the whole depth 
of the canal. ‘So much annoyance did these | cavillers produce, that i in the next 


ae year it was deemed expedient that in order to settle that matter a full test 


as ‘This test consisted in a line of levels between Rome and ‘Syracuse, N N. } ia 


«3 iT TOL WON 
around ‘Oneida Lake, forming a circuit of 100 miles. © Bs The closure was Jess 
> fay 
than 13 in. The critics were thus answered. 


tweea- 


In 


"When the surveys the ‘Erie Canal were commenced, was no model 


on this Continent that could be used as a guide, and féw books on the sub. 
ject. The country through which it ran was a complete wilderness, yet tie 
work was done remarkably well and in' a! remarkably short time. 


Rr 
The report. of the Canal Commissioners of New York State, of F 


“None exainined the line previous’ tothe ‘commience- 
anaetes tie work; who had seen the rude and undulating surface which was 

: _ traversed, the. rocks which were to be blasted, the irregular ledges filled with 
chasms» and fissures which were to form the sides and basis of a water- -tight 
canal ; the spongy swamps, and gravel beds, and quicksands, which were. to be 
made impervious to water, and, in short, the huge masses of rough materials, 

_ which, with immense labor, were ‘to be reduced to symmetry and form, can 


~ duly appreciate the efforts which it has required to surmount these various 


é. Location and construction st surveying in the United States had its founda- 


tions: laid: by ‘this ‘group of men gathered tc to ‘construct the Erie Canal For 


‘he 1840, there were 4 468 miles of canals in the United. States. 95> 
The cities along the Atlantic Coast entered into keen. ‘competition 
‘With the West. - The problem facing them was to climb over the Alleghany 
eatin in the case of New England, to surmount the Berkshires. New 
York, however, had found a way by the. Erie Canal and was destined to out- 

rank cher rival. cities. Baltimore, Md.,) with its: thriving sea-going trade was 
wae alarmed snd; in 1827, projected the Baltimore and Ohio Railroad, which 


then 
Army Engineers v were called into service to make the prelimindry sur 
As stated* by the late Mendes Cohen, Past- -President, Am. Soe. ©. 

“The deity: to these was with so much 
they were enabled to on the 5th of: 1828, a which 
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Patapseo and Qhio rivers, and with so intelligent a. discussion of many of 
the alternative lines that it is a matter of no little wonder how so much could 
be. accomplished in 80. short a time through, so rough a wilderness as the Alle- 
ghaniés must have been in that day. The study of the route seems to haye — 
been based on the theory that the gradient of the road, to be worked probably 
by horses, possibly by locomotives, must be moderate, not exceeding 30 feet per — 
mile, as, nearly uniform as possible, never undulating, that a very liberal © 


amount of lateral curvature was admissible in furtherance of this, and for oe 


the ‘avoidance’ ‘of heavy cuts and fills ; and that where summits 1 were to be 
tas | 


crossed and great differences of level to be overcome, ‘recourse should be had 


i inclined bareued to be operated preferably by steam or water power.” — 


Tn 1830, | the Directors abolished the Board of Engineers and placed the 


entire work in the hands of Jonathan Knight, as Chief Engineer. He had ~ 


been in’ the employ of the Board of Engineers for about two years. Previous 


to this railroad work, he had been engaged on the National Pike. ayaa eo ages 


_ The work of. ‘construction “was slow, with a great many obstacles in 


Relative to this, Mr. Cohen states: AAW ORK 


these years of obstruction, authority ad been obtained to con- — 

a benagh road to Washington, and in 1831 Mr. B. H. Latrobe was ap- 
oa an assistant and assigned to the reconnaissance, This was followed 
up without delay by a more definite and careful examination. ~ Mr. Knight > 
takes a most comprehensive view of what he says must become a great national 

highway. He urges that no’ grades exceeding 20 feet per mile, nor any curve — 
of less radius than 1500 feet, or in extreme cases, 1000 feet, be tolerated if — 


ee at any reasonable expense, so that light locomotives may make she 


“made to pass 1 the whole distance from Washington to Baltimore i in one hour. 
The surveys were continued with great minuteness so that, as the President — 
it, ‘the route should leave one available 


July, 1833, Mr. Knight submits his report and analyses of twelve 


alternative lines with a | degree of elaboration a and care that I venture to. say 
has rarely been equaled. — The line recommended by him was at once placed 


ander contratt, and under Mr. B. H. Latrobe, as the engineer in charge, was 
_ completed and ‘opened August 25th, 1835. At its point of divergence from the 
main stem 7 miles from. Baltimore it crosses the _Patapsco by a masonry via- 
duet. of eight arches, each of 58-foot chord, some 70 feet in. height above the 
water and of a total length of 707 feet. This was designed by Mr. Latrobe 
and stands to-day a monument to his taste and professional skill.” 


el Baltimore and Qhio Railroad did for the railroads what the Erie Canal 
for the canals. Railroad location. and construction went. forward with 
great” enthusiasm. In 50 years» there were 96 500 miles in operation, an 


: 190 000 miles had been | constructed by 1 1900. 7 Ini one year (1887), 12 982 miles 


> 


were built. ‘Railroad construction in the United States was the vereatest engi- 


k of the Nineteenth Century. 
In 1853-54 the Government authorized the surveys for the transec 
lines from the ‘Mississippi River t to the Pacific Coast. The result. of these 


included reports on five possible routest éontained i in thirteen. large 


. Soc. C. E., Vol. XXVI (1892), p.649. 


+ “Reports of waatecntten and Surveys to Ascertain the Most Practical and Economical 
Route for a from the River to the 
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aitsciadiss' Z They ere doubtless the most extensive location surveys ever made 


railroads occupi i f engineer 


along with them came the need of structures, and the growing cities had 
many demands within themselves. — _ There were tunnels, subways, buildings, 
bridges, water supplies, and sanitary problems. For these, ‘surveying ‘played 


a much less prominent part than for railroads and canals and, ‘consequently, 


angineers placed their emphasis less and less on survey ing. 
“The problems changed. The scientific man ‘supplanted the > practical engi- 


parame not occupy the large part of the work of the engineer 


vi all these e engineering undertakings, the 


The of his work has broadened. New 

Speaking i in 1 1869, the late John B. J ervis, Hon. M. Am. Soc. 0. E, said :* 


“Fifty years ago, it was generally considered that the land surveyor had 

a the basis of the engineer’s art. To run lines and levels and map the ‘same 
_. with topography of country, was held in high estimation as an ort. At that 
time little was known of designing plans, and maturing the numerous details 
of | works in engineering. Little had then been done in this country, and, of 
few ‘specimens were offered for study” | 


Iti is i interesting thus | to note that ‘Pioneer engineers developed from location 


surv yors. These | pioneering days are over, and the question arises as to the 
place of the. surveyor to~ day ted) on yas ta oldabdic 


As one looks over the country and notes the engineering construction in | 


progress, the large water supplies, the enormous highway programs, the “hydro- 


electric plants, the ‘port developments, the subaqueous tunnels, the long-sp span 
bridges, the city planning, and many others i in all parts of the country—projects 


a of great magnitude—it would be difficult to imagine how these could be carried 

on witho ut the aid of the surveyor. ‘His requirements include an ever-increas- 


ing knowledge of all types | surveys and methods of precision. At times, 
t is may mean precise triangulation ‘control, accurate boundary location, + 
complete: topographic delineation. His lines r may be on the ‘surface, under the 


surface, or through the water. He must keep in step with the advancing 

is with this. scope in mind, that this Committee has 


[—Loeation and Construction Surveys: 
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Grade- Crossing Elimination 
\ fe (9) Institutions, Public and Private. 
(10) Machinery F oundations. 
(11) Municipal Plants. 


13) Port Development 
(15) River Bank and Shore Protection. 


(17) Wharves and Piers. 


lan of the Committee is to bring together from all available : sources, 


recognized best practice along: all these lines. From these data, manuals" 


may | be prepared for | the Society. It is hoped thereby, : that enginee: 
skilled in one may be able to in another branch of 


Committee is ‘increased is” 


description on te survey or meth 


neering effort has: come again to the and in that ‘Spirit the 


Committee i is pressing forward to its task. 


The seeks the « co- -operation of of ‘the Society in its 
x 


doubtless ‘overlap, at best, the will take quite a of 
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AMERICAN SOCIETY OF CIVIL. 


PAPERS AND DISCUSSIONS 


“This Society is. not responsible for “statement made or opinion expressed 


‘PROGRESS REPORT. OF THE OF THE 
SURVEYING AND MAPPING DIVISIO 


By C. V. ‘Hopeson,t Am. ‘Soc, C. BE. ‘Th 


pes 
‘The progress made to date by. this Committee consists 3 practically of a 


report on Horizontal. Control published recently.t. _ The place this report 
occupies snithe development of the subject of. Control Surveys i is shown by. the 


TI 


4 


| 


which the, Committee expects to. ‘prepare. bi 
Committee the: Division has. divided: the s ubject of Sur- 


are 


—Control Surveys. 


(A). Classification, definitions an and (A) Classification, definitions and 


general specifications. gene 


(B) First Order: (B) First Order: qt Phe: 
Detailed specifications. (a) Detailed specifications. 

dy Forms for tabulation of © ae 


| * Presonted at the meeting of the Surveying and | Mapping Division, Washington,’ D. C., 

April 26, 1928.; This is a report of the Chairman of the Committee of the Surveying and — 

_ Mapping ‘Division on Control Surveys, which consists of Messrs. C. V. Hodgson, Chairman, as 
EB. M. Douglas, George L. Hosmer, A. B. Pierce, and R. H. Randall. The report has not a 

“acted on wy, the Executive Committee of the Division or by the other members of the Comimsttes 


“Horizontal Control in Surveying” ; Preliminary Report of the Committee of the Ser. 
vegha! and Mapping Division on Horizontal Control, by mid L. Hosmer, M. Am. Soc. Cc. B 
a Papers and Discussions, p. 
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Detailed outing, Detailed outline, 


Detailed outline, as or fir st 


covers Part (A) under 
“Horizontal Control. » It will serve sciueue as a guide to the other com- 


i of the ‘world and which were embodied i in a meh submitted to ‘the Interna- 
¢ an nd Geophysical Union | at its meeting at Prague, -Czechoslo- 


red by the Committee on 1 Control ‘Surveys i is well defined. 


Complete and definite specifications for : accuracy must be'es tablished for each 


and that they ‘will haves definite and well understood meanin 
‘ manual of field and 0 office practice will be prepared for each class of coritrol, to 
fill the ; gap between the textbook on surveying and the fragmentary ‘and unco- 
: ordinated instructions now available the engineer in various books on field 


t will be. left to the other committees of the Division to specify the 


class of control for each kind of survey and the srenesaey of distribution « of 


surveys, and to stimulate the publication of 
‘papers ¢ on problems relating to control surveys. | 


The > distinction be between public and private surveys depends on: whether the 
SIO 


initial purpose of the control is for State, county, and city surveys, 


investigates the 


situation, however, the smaller the appears, for a control point, once 
properly located and marked, is | available for all purposes. | The only fact an 
ay engineer wishes to know i is, how accurately was it it located? Private engineers 
all over the country are using the , triangulation stations and level bench- marks 


established by the public s surveys and, on the other hand, the public “survey 
use private survey data whenever available. This Division 
—— be able, by its classification of control : surveys, , and by ‘its specifications 


3 for the adequate marking of control points, to do much to make control sur- 


Toa extent, sc public and private. supplement 


as for first d 
Detailed outline, as for first spher 
= j.§  mittees of the Division until detailed reports can be brought in for each class - Star 
a of control. In preparing it Professor Hosmer was guided by the international § U. C 
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4 ontal control, furnish to support 

all detailed surveys and to give ‘proper latitudes” and longitudes. 
reliminary steps are necessary : : First, to decide ‘on the e shape and size of the 

cs - spheroid which will most closely - correspond to ) the shape of the portion of the 

5 earth’ 's surface to be controlled ; and, ‘second, , to adopt a latitude and longitude vs 

a datum ‘point. The step was s accomplished for the United States 
about 1880 | by the . adoption b 

“of f the earth’s a axes aS by Clarke for: his spheroid of 1866. he 
second step was taken about 1900 when the U.S. Coast and Geodetic Survey 

P assigned toa triangulation station i | Kansas ‘a definite 1 latitude and longitude — 

and established ‘the ‘United States Standard Datum, ‘Later, Canada land 
“Mexico adopted the datum, and it’ is now called the North American 

he first-o order available at the time a adoption of the 
Standard Datum is shown in Fig. 1. it -eonsisted of little more than. 
ban along each coast and | a single | bar across the country. _ After r the le latitude 


longitude were > adopted ‘for the point the geographic positions were 
heme 


‘the ‘old base. 


A system is an structure and must be ‘treated, 
as such. i The system as it existed i in 1900, at the time of the adoption of the 

datum, ha a apr the s status of a beam ene, and held fixed at the datum 
point 1 near its 1 ends. 

poor support 


up, however, a piece ata time, ¢ 


the process: of adjustment forced errors into trian; nlation which 
were tauch | larger than the errors” of observation. Ih other words, since the 
main beam of triangulation along the 89th | Parallel was not exactly n its 
ve correct position, a and since | each member ‘of the structure joined to the m 

beam was: not exactly correct in length and direction, the whole | structure 
needed truin up. Looking into the future it w: was seen, to be necessary to 
ddjust the main framework in order to “provide: an accuracy of 
a - geographical position which would be adequate for all the requirements of. 

- National survey for the United States for ‘centuries to come. A. new and 
conomical method of ‘making this adjustment was devised and outlined in 
its general principles by William Bowie, M. Am. Soc. C. E., Chief of the Divi- 3 ew 
sion of Geodesy, U. 8. Coast. and Geodetic Survey. Dr. O. S. . Adams, « of that on 


_ organization, , perfected 1 £ -method and made a mathematical application of 
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ai 


oe to the re-adjustment of the triangulation of the western half of the United 


: States. The: sixteen circuits west o: of the 98th Meridian SS 


error of about in 450 000 
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discrepancies in azimuth between the fixed azimuth stations had 
been adjusted, an accuracy adequate for even ‘a continental area such as the 


United- ‘States. he greatest geographic positions by -the 

ont In Fig. 2 are also shown by diagonal lines the belts of first- order triangula- 
to complete the general scheme in the East, dorresponding to 


ee hat has been 1 accomplished in the West. It is expected Lthat the main frame- 
over r the eastern half of the ‘United States will” bec mpleted by the 

- autumn of 1 1930 and then any necessary re- -adjustment of the control net over 
that area cari be ‘made. Even if the appropriations for first-order triangulo- 


tion have been discouragingly small, in 2 about thirty years. from the time of 

_ the adoption of the National datum the main framework of first- order control 
ag will be fixed in . position for all time. if -funds:had/been ayailable to finish it 
in ten years instead of t thirty an ix immense amount of re- -computation of sah 
sidiary triangulation and shifting of projection Tines, on ape would haye 


Experience in building up the main scheme Frame Big. the nation 
< shows clearly what procedure must t be followed n filling in the “vacancies: 
which still remain fér it is necessary. that these large spaces be. crossed by 

: belts of fi first and -second- order triangulation about 50 “miles apart. _As 
been pointed | out by y the U. S. Board of Surveys « and Maps,* first and second 
order ‘triangulation sid traverse should be completed in a region before the 

third- “order: control is developed.” The reason ‘for ‘this "provision. is easily 


seen, for even if a a belt of first- order ‘triangulation starts from rom. points com- 


pletely fixed i dati itude ¢ and longitude, it must xtend a connection w ith 


eee other fixed points before at can be adjusted an: ‘final, positions obtained. If f 
the first- -order. control, is. allowed::to_ by slow accretion on, along with the 


detailed control urveys, the fin al adjustan nt must neces ssarily cause changes | 


‘The network of ‘first- ‘order levels which as_ be dee extended ov over the arga 


in Fig. 3, piotides control for elevations, which, in many instances, are more— 


important to engineers than geographic positions, especially on water- power, 
tigation, and flood- -control projects. The specifications of the Board of Sur 


and Maps provide | for the extension of th this system of first- order levels 
ee re until no point in the United tates will be more than “oi miles from a bench- p> 


mark o of first- order | accuracy. To thi goal an and to extend the ne sary 
spur- “lines into intermediate areas will require 88 00 of additional 


first- order lev eling, 53 000 miles having z already been completed. i toe 


eee It i is easy to see how the public and private control surveys: will supplement 
each ‘other. “Whenever : a private s survey can be e joined toa a \ triangulation point 

of the National scheme the s survey can be given a correct ; geographic location 

and can be shown in its proper relation to adjacent surveys. . In very accurate | 


in in modern city 


local ‘surveys an additional base line can measured, .as 
surveys. ys. In other. cases, line of the National. triangulation will give 
length and azimuth for the local survey as well as a geographic position. In H 
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most private surveys the area is small and plane co- -ordinates 


‘should be used, ‘the origin having a correct” latitude an longitude the 


Private surveys may be roughly divided into ‘two ‘classes; The ‘first ‘clas 


has is at permanent ; quality in that the information. obtained is ‘designed to have 
a future as well as a present value. ‘property _ Surveys, and x most topo- 


graphic ‘and project Surveys of any ‘considerable extent belong to this class. 


survey r to. be of greatest future value will be o n the National datum, » will 
have “correct orientation, and will be- yell. monumented tl that 


re- surveys or extensions can be easily /Secedinased” with the original survey. 


It is also necessary that the separa 3 f the surrey show efinitely the accuracy 


Surveys of the s second have a value; they | are “designed to 
furnish information. pr minary investigation an d only. ‘Pre- 
liminary location surveys. oe many project surveys are of this class. bey ; F 
Private control surveys to be of public benefit must not only be classifiable 
as_ to accuracy and be properly mony but the data must be available 
any jengineer. The-mainitenance of files” of geographic positions and eleva- 
tions is no small task and even when the data re in n printed form the supply 
is _ubually rapidly exhausted, as have found which | have pub- 


lished’ the results of thein: urveys. One way to secure permanence of record 


for surveys of small extent is to send the data to ‘the’ Us Geological Survey 


pinto n later. There is s sufficient publie. interest in such data to 

the pu blieation of p pri tivately data at Government 
expense. "By so dging the of the data is greatly increased. 

up briefly, it is the ‘purpose of Committee | of the ‘Divisidal of 

"Surveying and Mapping , to for field and ofc ‘standards for classifica 

tion of control ‘surveys 5 And for field and 1 office practices and to bring about 

the recording of 


ihe engineer 
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REPORT | OF THE ¢ WATER COMMITTEE 


IRRIGATION, DIVISION. ON 
USED OF WATER IN IRRIGATION 


- 


nit By Messrs. ‘Ondrues H. Lee, ann M. R. 


ae “Soc. OR (by letter). t—The subject ‘of this 

report is an’ increasingly in all r regions where a Agriculture 

: depends on irrigation. ‘Tt not only enters into questions of the management and 
economics of irrigation projects, but also water supply problems, both surface 

underground. ‘Tt ha s become a very ‘important factor in the settling of 
controversies on” ‘great’ stream systems ‘where’ ‘the public welfare of valleys, 


opr 


States, and even nations is involved. “Not only i is correct knowledge of the 
loss in irrigation of interest to several branches of the Engineering 
ession:’ but also. to public” officials, legislators, ‘and the ublic. Therefor 


the Duty, 0 of Water Committee of the Irrigation’ Division “in | selecting the 
3 subject of this report has struck upon a very live topic, as well as one’ which | 


“embodies the essence of ita work, 


~The term rm use of. water,” although ot strictly 
correct “use of the word, “consumptive”, has’ been more or less” accepted by 


- those interested in the subject. “Like “duty of water” and many other tech- 
‘nical terms it may be considered ‘a disti hidtive identification mark which com- 
usage has sanctioned and the profession has accepted. iD 


alt 


“The proposed definition of. “consumptive | use” the wr titer ‘believes is ‘sufi. 
ciently comprehensive, ‘with ‘the possible « exception that it does not recognize is 


either double cropping or intereropping. Both | are practiced in’ 


‘consumptive loss per acre’ is materially increased hereby, ‘sepectally in the 


case of double cropping. In order to recognize the practice in the ee 


‘te words, “9 crops ty be" the vord, “troy” § 


the Consumptive Use of Water September, 1928, 
+ Cons. Hydr. Engr., San Francisco, Calif. aq’ a yy 
Received by. the September 24) 1927... 
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LEE oN CONSUMPTIVE OF “WATER 


3 


confusing at first reading but ‘its use is from the stand. 
point of completeness and simplicity. ‘The writer - has followed this method 


satisfactorily f for ‘many 3 years 3 in working’ out individual cases, b both for deter- 


- mination of consumptive use and for equating ground- water absorption and 

discharge for valleys of the closed-basin type. — tite 

Net Consumptive Use: —The practicability, of ‘determining working valu 


for net consumptive use, U, by means of tanks or potometers, is dependen’ 


oe on | reproduction of natural conditions. The \ water supply is under control and 
we is supplied ‘more regularly and uniformly + than i is possible i in practice and i in 
more exact synchronism with plant requirements. This probably tends to 
Increase rather than evaporation and plant transpiration. 


_ there is more complete exposure of the plant to light land ‘wind, and there may 
be the absence of the vapor blanket present’ under field conditions. The tan k 
in relation to the field is in fact the counterpart of the small land oe 


pan as compared with the lake or reservoir. The work of Sleight, at Denver 
Colo.,* and of the writer in Owens Valley, California,+ has shown conclu- 
sively that the evaporation from a small land pan considerably exceeds thet 


a or reservoir. Similarly, it expected that the tranepira- 


method. by field Pp ok measurements on the other h hand, while it has 


ad advantages. over the use. of tanks has the disadvantage that draft, on 
Tis ground- -water and deep percolation loss are both “unmeasurable. 


- effort | to avoid the former, experimenters have endeavored to select sites having 


great. depth to ‘ground- -water, while. in the case of the latter, ‘small and 
spent irrigations he given in the that deep ‘percolation loss would 


Or is more or less whether or nak deep ‘percolation occurred and 
its value is really | so small as to be negligible. Without more 


vineing proof, itis open to. doubt whether in all cases deep percolation can 


be considered as negligible even with a deep water- table. 
Farm Consumptive Use.—The conditions under which consumptive 


pees (U;)¢ occurs, differs but little from that of net consumptive use from field 
plots. The elements | of difference are. principally with respect to the appli- ; 


cation of water er in. accordance with a actual farm practice rather than under 


experimental control, and frequently a shallower. depth to. the water-table. 


As is to be expected, the measured values. of, Uy, fs are ‘generally greater than 
hose for U determined at field plots. This is due to the inclusion of deep 


percolation i in the former... il} ot al 


= 


Table 10 assembles all. ‘comparable values presented in the Committee’s 


report, those | of Lewis in Snake River Valley being omitted because of lack 


5 “Evaporation from the Surface of Water and Rivér Bed Materials,” Journal’ of 
Itural Review, Vol. X (1917), pp. 229-230.) mee 
Transactions, Am. Soc. C. E., Vol. LXXVIII (1915), pp. 176-181. 
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of data ‘an striking fate 


is the wide’ ‘variation in ‘apparent values of U and U;. f° This is probably 
both to errors of measurement and to difference in crop-growing conditions. © 
Table 10° serves, sto emphasize the conclusion of Kisselbach that ‘ 


on any basis alien as an an aid to o judgment a1 are not justified. 
TABLE 10. —CoMParIsoNn oF _ Consumprive ‘Use AS FOR 
Prors: cy ) AND FOR L Farms (0), in Acre-Feet ‘PER ‘Acre. 


LOTS. INDIVIDUAL Farms, 


Snelson, at Brooks, jand Harris,| Hemphill, in Cache 


me Average Maximum 


ob 


: — -* Crop season rainfall, 0.42 ft.; draft on soil moisture, 0.1 ft. for corn to —60.83 ft. 
F _ $ Crop season rainfall not stated ; draft on soil moisture measured, but not stated 


Depth of soil moisture and rainfall, 0.86, 0. 25, 0.52, 1.15, and 0. 81 


_ $ Crop season rainfall, 0.92 ft.; draft on soil tile 0.30 ft. 
season rainfall, 0.30 ft.; draft on soil moisture, 0.30 wes ody, bas toed 


ei he unusually large values : for U; found by Hemphillt i in. n Cache la Poudre 
‘fs Valley, where the crop season rainfall was 0.92 ft., or “more than twice that 


ins any other location, raises a question as. to the propriety of the. full 
depth of the observed ‘rainfall. The writer's own observations and a study 


of the observations of lead to the conclusion that “most or all of the 
; ‘summer precipitation in valley parts of semi- arid and arid regions is lost 
either through surface ‘run-off or inauedlintes evaporation from foliage and the 


‘soil; : and that very little percolates to a depth sufficient to make it available — 


to any but the most shallow rooted crops. In view of this condition the addi- 
tion of. the total rainfall for ‘the crop season does not carry out the - purpose sg 


of the Committee, which was to arrive at basic: values capable of use in any 


locality. Tt is believed that ‘this item needs experimental study and that, 
pend ing > the availability of further data, consumptive use values which | in- 


clude total rainfall should be used with caution. This suggestion obviously 


applies to consumptive use in all. its phases—basic, farm, project, , and valley. 4 
Project and Valley Consumptive _Use.—The determinations of ‘project 


and “valley cons defined by the Committee, 


Loc. cit., p. 225. 
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are far from imple problems. ssscelaipatily in which the ultimate ‘disposition 


of D; is immaterial} in the’ case of U; and Uy it is ‘necessary t to trace Dy’ and 
Dy at least to the extent of ascertaining the quantity ‘returning’ to. 
channels’ and) the evaporation and transpiration Joss’ from non-cropped land. 
Bote U, and U, , should be less than U;, since a portion of D; is accounted for 
where: larger areas are considered. Tn the . case of the project’ the u maccounted 
portion is that continuing” as percolating water beyond the project: boundary 

. toe appear later i in a surface stream or ‘pass into the atmosphere from an . area 

ground-water, For valley consumptive pao, the, unaccounted por- 

tion, if any, passes from the valley as. sub- -surfa ace flow. BED é there i is no sub- 
pe ne surface ce flow, as asin the case of a closed geologic basin, U,, should be equal to U. 


The complications surrounding the dsternsiastion of the values ¢ of U, and U, ‘i 


first, from the inability to see. the e geologic formations bedenidé: the sur- 
face of the ‘ground; secon d, from the hidden course and. slow movement of 
pereolating water from irrigated land; and, third, | from the ‘mIningling 4 


water from other sources. of the 


in “practibal application a: are dealt with either 
earlier” investigators attacked the problem in its simplest. form*and 

roughly approximate ‘results. Later investigators, recognizing the 
omissions and assumptions, have. introduced refinements. The Committee’s 


‘Teport is the latest in this ane, represents a an advance. It 


the subject from the viewpoint of irrigated From ‘this 
at background, ‘the basic units of time and area have been the crop year and 


cropped area. These units are essentially artificial and until “natural 


= units are hee the ‘concepts must continue to be i in terms of special cases. 
adoption of the | climatic year, instead of the 


instead of the project 

or project group area. The following examples will serve to illustrate the 
advantages of ‘these units, In n most localities where irrigation is practiced 


‘the crop year covers six to eight months, or from one-half to two-thirds of the 
full year. Due to the slow movement ‘of ground | water there is a consid- 


Borst lag ‘between the diversion of ‘water from a stream and its return as 


seepage” or spring flow. Water passes beyond the plant roots joins 

4 ‘the general, ground- -water body below (thereby raising the water-table), and 
remains in _sub-si surface storage until the water- -table ‘returns its initial 


_ The lag period may vary from a few weeks to five or six months, -* 
aracter of the subsoil, the 1 relative elevation ‘of irrigated land 


pr adjacent drainage channels, and the distance of the irrigated land from 


‘drainage channels flowing direct to the main stream. Observations | ‘which 


, ‘not e extend over the lag perioc d fail to indice ate ‘the ‘amount: of delay yed return. 


eaching the outlet stream. or evaporated from moist non-cropped soil during 
the non-irrigation period, and hence give consumptive use values: which are too 


writer’ s observations indicate that cases, the e of 
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Another illustration the scope of the Committee's  analysi 
“be bro dened i is with. respect to area.» Consideration of inflow nd outflow has 


limited to cropped area and’ the immediately adjacent land from 
‘which evaporation or ‘transpiration from: natural vegetation occurs. ‘The 


"attempt has been made to list the H: and factors* respect to single 
project area or group of project areas within’ a valley: | ‘This procedure. has 


given rise to difficulties of ‘measurement: For instance, ‘it ‘is impossible ir in 


practice to measure the ‘sub- surface flow into the crop area. This is ‘recog 


: nized by the Committee in commenting on the 1 many valleys of the | ‘Southwest 
"where: ‘inflowing ground- water is important. a The statement is made t that. 


in such instances, it is<' “impractical ‘obtain dependable measurements’ 


 Althoug h not ‘mentioned, the same difficulty with respect ‘to sub- 


surface flow the cropped area. ‘Som of this may appear as seepage or 


pring flow and be measured | as outflow, but, Ol the other hand, there may be 

loss ‘by evaporation from shallow water- table outside the project area, 
surface outlets other than the adjace nt stream. There may alsc o be storage. 


fs accumulation — as ‘represented by rise of the water- -table in non- -cropped areas mee: 


sutside the project. By approaching the pr roblem from the aspect of a : 
graphic or geologic unit, however, these difficulties largely disappear. BIOL AE se 


~The illustrations are ‘sufficient to ‘indicate the errors ‘into’ which inves- 
tigator may fall if the methods outl ined by the Committee a are his fear Arca 


>, 


“mittee, for the latter is well adapted for use in ‘many cases, “but 


sient ‘a broader’ foundation for analyzing the individual problem - more cor - 


natural ground- -water reservoirs occupying gedlogic b basins more or less co- 
with topographic valleys. The source, tmovement, and ultimate dis 


position of the ground-water in thes have ve been traced and {methods 
‘been developed for quantitative measurement of inflow and outflow.§ 


- These methods have now become sufficiently standardized for ‘practical use in 


determining the dependable yield from ground-water sources. he 


| okt Jom’ 1926 the City of Los Angeles, Calif. , completed a program of ground ‘ 
y water development in the Independence Region of Owens Vv alley ‘the extent pee 


of which was originally’ planned from the results of ae quantitative ground ; 
ater study nde under the direction of the writer from | 1908 to 1911.’ The 


a development work, ‘consisting of wells and pumping plants, cost approximately 
a $250 000 and yields ¢ an auxiliary supply to the Los’ Angeles: ‘Aqueduct System 


of more than 100 Bec- The same investigational ‘methods have also been 


Loe, eit., p. 220. + to abrotze dont, 


i 
“Occurrence of Ground-Water in the United, States,” 4 by 0. Ei Meinzer, Water (supply 
oe. 489, U. 8. Geological Survey, pp. 291-303, 19238. ete 


“‘Water Resources of Part. of Owens Valley, pee H. Lee, Water 
Supply 294, U. 8. 1912 
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the “methods: of hydrology used: in making deters 


om mination of ground-water supply have direct application to ther problems of 
Ss project and valley consumptive use. They will serve to point out ‘unsuspect 

items in the inflow-outflow equation, to evaluate unknown factors, and to winke 

“possible a solution in valleys with inflowing ground-water which i is claimed to 


be impractical by the Committee.* de query, a 
‘ In adapting the methods of ground- water hydrology to the measurement of — 
consumptive use, the first step i is a geological survey to determine the character 
and extent: of the impervious bed-rock basin, th the limits of the hydrologic 

-water-shed, the character and distribution of the porous alluvial fill, and the E 


probability of sub-surface inflow or - outflow. A; more or less. complete water- 
table map with typical | fluctuation _graphs covering the annual cycle | should 


also be available, and a general mowledge of local precipitation, yun- -off, 


Oe hua channels, irrigated land, seeped or swamp | land, , Springs, ete. With such 
_ information it should be possible to list all ground- aaa sources and outlets — 
and to ascertain whether there are any negligible or compensating items SO 


Spat the problem can be reduced to its ‘simplest terms. 


‘Three general types of valleys are met in consumptive-use determinations: 


J 
a 
q 


—There are those. without underlying alluvial fill in which the bed- 


rock formation. i is covered with a thin veneer of decomposed rock and soil in 
i ee place. This type seldom occurs in practice. If the bed-rock is non-porous — 


rock, omeahe as granite, the valley can be treated under one > of the other two clas- 


sifications. a porous, fissured, or cavernous bed-rock,, the measurement of 


—There_ are valleys of the ‘ ‘open-basin” type in which the underlying 


a 


rock basin. ‘is filled with porous. alluvial material having one or more 
direct, contact with outside ‘porous formatiqns; which 


aod 


where. the bed-rock is leaky, due to the occurrence of. porous or 
rock, such as. open | sandstones, limestones etc. 


3.—There valleys of the “closed- 


alluvial fill has no ‘eonnection with outside ae 


by non-porous | bed-rock bottom and sides continuous with the sur 


Proposed Method of Determining Uy. illustrate. the application of. the 
proposed method of determining valley consumptive use, the various quanti- 


ties will be defined and | equations formulated. _ The period of time for which 


“equations: are set up is the climatic may be October 1.to Septem- 

Be ber 30 30, November 1 to October 31, or January 1 to December: 81, depending 7 

on local precipitation n and run- -off conditions. me 08 
The area, in case ofa closed geologic basin, is the superficial area of 
= porous alluvial fill, usually extending 1 to the. margin: of the. valley at. the 

For an open geologic basin, the 


‘porous material of which ‘extend beyond the margin of, the topographic 


* “Quantitative Methods of Estimating Ground- Water: pe “by 0 
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ted ‘by sombols which 
te. 


in acre-feet cropped acre 

‘bo th 1 main 


‘For 
measurable surface stream flow, 


entering: the at 


ntributes to direct surface run-off, soil m oisture 


is not evaporated and 


wt 
— 
ce stream “flow, in acre-feet acre, at 


For annual’ ‘outflow: 
ble surfa 


Ry = measura 
va alley oui 
Dy re measurable or estimated ‘sub- surface flow, in acre-! -feet per croppe 
ly the lower margin, 


Ue land in acre 

eroppe 


OF 


a= = additi tion to or withdrawal from valley ground-water storage, in 


= addition to: or withdrawal from valley soil 


relation upon which s are based i is the for 


"storage i in 1 the porous valley fill 


this his equation by symb 
+F, +P, = R, +D, U, + EB, (G, + 
Its the eq 


= 
Solving for there resu 
R, — D, — E,(@, + 
For valleys of the closed-basin type, this reduces to the form: 
In arid regions where direct precipitation does not contribute appreciably 
to surface run-o off. , ground-water, or soil moisture, the equation reduces still s 
d land is of minor Onesies ‘ha: it is desired. t 


‘Tf area croppe 
determine losses from natural vegetation, the last equation may t ke the form AN 
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measuring or estimating the sub-surface inflow and outflow, although they 
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od 
ke 
to 
f 
j 
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gere, entering the valley at the margin. = 
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To evaluate B, " in terms afl acre-feet per acre of natural ‘vegetation and 


Senet land, it should be Pee by the ratio of the area of cropped land to 


difficult ‘and to 
measure, but a as. are small in amount, they ‘can often be esti- 
mated from data available from geological and water-table surveys. For closed 
h . The value. of Py although dificult to determine in’ semi- -arid and. humid 


regions is capable of measurement. ‘Direct addition to run-off from precipita- 
2 tion on the valley ’ floor + can be: determined f from continuously recording water- 
level gauges on: streams. Immediate addition to ‘ground-water can similarly 


be determined from shallow well records and. porosity data. Soil “moisture 
ve additions are € easily determined by ordinary soil moisture. tests made before 


and after : storms. ~The extent to which it is advisable to go in making detailed 


distribution of direct. precipitation upon the 


with sufficient accuracy from a knowledge of the moist land and 


al 
natural vegetation, from local water eva oration, and. from the results of 


determination of ground- -water storage quantities, G, and 8;, 


wad a standard methods « can be used. P _Ground- water storage can be determined either 

a from water- table. fluctuations, as. ‘measured in shallow. wells and test holes ua 


porosity data, or by indirect methods, such as those by and 


referred to in the. Committee’s report. + Tt may also be eliminated | from con- 


sideration where observations: of other quantities covering several years are 


ss available and ground-water conditions as modified by irrigation have become 


stabilized. ‘variation in soil moisture from year to. ‘year is in mos 


‘ small that it it is negligible, and 8, may be eliminated altogeth 
gs 


"Many special cases are encountered i in practice, which permit: of modifica- 
ie Byes of the general eq equation, in 1 addition to the simplifications stated. Hard- 


ing, in his ‘San Joaquin Valley work, follows essentially the method outlined 
; Dy y the writer; he. adopts an interesting modification with respect to the ground- 


water storage correction. In his work in San Luis Rey and in other valleys i in 
San Diego County, California, the writer used. still | other ‘x modifications, as 


by ‘the local in periods of x run- and ground-water 


ive use in conjunction with heat available. during the crop year is logical.§ 


‘emperatare is by far the most important: factor governing evaporation, the 


* Transactions, Am. Soc. C,'E., Vol. 90. (June, 1927), pp. 334-338. 


t “Geology and Ground “Water of the “Western Part of San Diego County, ‘California, 
Gch by A. Ellis and Charles H. Lee, 1919, pp. 142-165. ese 
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is largely by. as is the} life 


which transpiration is a phase. ~The: straight-line relation between valley 


[ae ogo use and heat available during the crop year, which is indicated 
by Figs is therefore ‘a reasonable assumption. ‘It: should ‘be’ pointed ‘out, 
“however (in’ view of ‘the present: uncertainties yegarding consumptive use 
values as determined without the aid of a standard method by various investi- 


"gators, | as well as the limited range of available heat values to ‘draw from), 
beers at present neither the straight-line relation nor the ‘equation | of any line 


ean be considered as established. ~The first requisite is dependable data; the 
“second, ‘sufficient: data. ods Yo od? baa Hie bane 


writer’ ‘experience leads him to modify the Committee’ 8 Conclusion 


“that measurement of project and valley consumptive use under | some physical — 
conditions is inipractical”, to read, “that measurement of project Watley 
consumptive use is possible under most physical ‘conditions | met in practice,” 
Under the: ‘method proposed by 1 the’ writer, the of valley 


consumptive use in the ‘only case specifics ally excluded by the Committee as 


impractical, is made entirely feasible. eat bortarone 


~The last conchision of the Committee (6\|) would appear to be correct pro- 
vided the data ‘are accurate. i The writer, however, does ‘not believe “that the 
data now available ‘sufficiently | dependable to permit gonclusions to b 


> Diet 


ib Results o f ‘Measurements in Owens ‘Valley, California.—The Owens Val- 


ey California, is a desert valley typical of the Great Basin. Tt lies at the 


eastern base of the Sierra Nevada’ Mountains with an elevation ‘of about 4 000° 


ft. The run- off from melting snows on these mountains has provided water for BS 


the irrigation | of approximately 50 000 acres: of land in the valley as well as 


the major p part of ‘the ‘supply of the City of Los ‘Angeles. | This ‘valley, becau: 


of its physical and meteorological conditi ions and the wealth of hydraulic data 


bee ont to its 


available, offers opportunities for determining values of U,. and The 

writer has had intimate familiarity with it since about 1905 and presents the 

‘aga The valley i is a closed geological basin from which the only 1 natural escape 
for water in appreciable quantities i is _by evaporation and transpiration. “Pre- 


cipitation on the valley floor varies from 3 to 5 in. annually, most of which 


“occurs: the winter months. The average annual depth of evaporation 
from a rod water surface i is 67 i in. % “Many lateral streams fed by snows falling 


till wa 
their way. 


“border. 

Dives 4) 
into the flows. the trough 
“empties | into Owens | Lake. 


from the of Water and River, Bed “Materials” of Agr 
cultural Research, Vol. X, 1917, pp. 229-230. 


Proceedings, Am. Soc. E., April, 1928, Soctety Affairs, p. 241. to qu: ob 
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re dissipated into the Its: fluctuations are an accurate index of 
meteorological and cultural changes in the valley above. dition 
 .. Owens Valley is divided into three ‘nearly equal parts by two ranges of “pe 
oh granite hills lying across the axis of the valley and extending from the Sierra Sool 
Nevada ‘Mountains almost to the Inyo Range ‘on the east... These ranges 
known as t the Poverty Hills and the Alabama Hills. . The upper part of the 


ec valley thus § subdivided has been. termed the Bishop- -Big Pine Region, the middle 


| 


part, the Independence Region, and the lowest subdivision n, the Owens Lake © 


Region. alluvial fill. of the yalley in the narrow necks the east 
ends of these ranges of hills is composed of fine material consisting of fine 
sand, ‘silt, and clay. a The nadanaiie grade of the main valley i is so flat that sub- 
_ surface flow from one ‘region to another is negligible. | i 


, therefore, constitutes a geologically from which the 


m 
B 


sandy, supporting a a ‘sparse Ny ‘of desert. shrubs. Stream borders 
i 


broad bottoms of the Owens River supported meado ow grass and willows, Green 


meadows also occurred | along the valley. borders. in. the Vicinity springs. 


Depressions i in the valley floor supported coarse grasses, and ‘moist 


alkali areas occurred where little vegetation grew. Irrigation commenced in 


the early Sixties and by 187 5 ‘the available supply from | the lateral streams 


_ was being led out in small ditches on to the adjacent lands for the raising of — 
grain a and general field crops. | In the late Seventies the Poperaation of large” 


“ditches to divert 1 the waters of ‘Owens River. ‘commenced. The irrigated, 


rapidly extended, alfalfa introduced in 1 the Eighties. By. 1905, the 


available flow had been completely diverted and _ since ‘then no. further 
eats The effect of irrigation has been to raise the water- -table in the vicinity 


of irrigated land and to greatly extend the meadow- “grass a and alkali areas of 


the main “valley floor. _ The area of on the ‘other, hand, has 


decreased and its level has been permanently lowered. As an incident to the 


latter, the Owens iver has cut back 0 on a new grade, developing a new channel 


in the river bottom, 1 varying in depth from 20 ft. near _the margin. of ‘the lake 


at a ta point northeast of Bishop, approximately 7 0 0 miles up stream. 
he new conditions brought about by irrigation, ‘including the water- table and 


water, had stabilized by 1905. The condition thus described existed 


prior to the diversion of water from ‘Owens River through the Los . Angeles _ 
‘Aqueduct, which commenced in 1913. The latter did not become important i in 
U and E, in the Independence Region. *—The Independence Region, during 
the period of intensive water suppl y stu dy from 1908 to 1913 prior to the com- : 
pletion . of the Los “Angeles” Aqueduct, had a “total area (from which soil 
evaporation ‘and transpiration occurred) of f 37: 950 acres, This acreage was 
made up of 3010 acres of irrigated land planted to alfalfa and general crops, ¥ 


and 34940 acres of natural meadow, salt- t-grass, and r moist alkali land. R's The 


Transactions, Am. Soc. C. E., ‘Vol. (2915), 148 
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streams, making it t impracticable to value for Ty. The: 


x “The water-table beneath most of the irrigated land was too far below _ 


“porous alluvial fill found its and transpiration 


meadow, salt-gr grass, and wn 
from the) water- table. There. was “also in. form of sp 


@ 7 m or spring 


the main of, Owens ‘River. The. average annual 


percolation into the porous-material | of the valley, which reached the water- 


table, as determined by the writer from observations made during a three- -year 


Direct precipitation on mountain slopes | between canyons. 
precipitation on outwash 9 780 


ead 
£0 

spring died 22 400 ai 


Net consumed by meadow, grass, a1 


°= "34 940 acres 


sind it bor @r Ji to. stil ont x 
Te. check determination based on a detailed survey of depth to water- table 


and two years: of tank observations of evaporation and transpiration from 


typical, sods with, differing depth offs the water- table, resulted as “shown in 


11 300. 
| 


oe a believed that the second value of 2. 26 ft. for By is closer to the a 
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items were in part based on estimates. All items in the 


were the “result” observation. Unusual ‘were: taken) to: have re 


in I Region. —Obsorvations ‘were | also made near 


the rate ‘of loss’ of water from freshly cut 


on the assumption that’ this would approximately represent the rate 
immediately prior to cutting. Four samples were cut from measured areas at 


different times during the day.” These were weighed at short intervals until 


no further appreciable loss occurred. Visible wilting did not occtir during the 
first 15° min. after cutting, and this period was ‘used’ in 1 making calculations. 


The results were reduced to a 24-hour : average, using a factor based on st and- 
ard transpiration experiments. The local growing season extends. from 
‘Apri 5 to ‘September 30, and the production 1 of dry shay amounted to aboat 5 
tons per acre with ‘three crops. The ‘samples used for observation were almost 


ready for the the second cutting. _ Assuming that the average transpiring surface 


during the ‘entire growing season was 50% of that on the day of the experi- 


ment, the total 1 loss for the season would have amounted to 935 Ib. of water per 


Ib. of dry, hay, or 3.4 ft. in depth. The to total depth of “water applied in 


irrigation on this field during the crop season wae AG, 
value for is consistent with the quantity water available and 


the of tank experiments elsewhere, method, however,, i involves 


_ The somples were dried at the margin of the field out 


rupting ‘the life } processes ‘of the plant. " ‘Tt is not believed that ‘oe: results a 
this method are any more dependable than those obtained by the use of stand- 


see and U, in ‘the Bishop- Big Pine Region. — —The moist area of the Bishop- 

‘Big Pine region, although including considerable’ meadow a and ‘salt- -grass, is 
_ primarily irrigated land, and the physical conditions are favorable for deter- 

mining values for Uy. The r region ‘as here considered _ extends from Pleasant 

ee ‘Valley | on the north to the Poverty Hills on the | south, , including both sides 
of tl the: valley. Stream: measurements are sufficiently _ complete for the six 
years, 1918 to 1923, to determine total inflow’ from ‘vatious streams at. the 
i margin of ‘the valley’ as well as. outflow in Owens River at Charlie’s Butte. 


Acreage data were also quite ‘complete. The water-table was shallow 


* negligible. ‘soils 1 vary from: those of a coarse sandy granitic char- 
acter to black loam. Water was taken Owens River by means « of 
irteen ditches, the. annual net. _head-gate_ "diversion varying in depth 


4 
from 9 to 4 ft. on ‘the land, depending on the position of ‘the ditch on the 
stream and the available supply. dle =o annual duty for the | larger 
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supplemental supply from Bishop’ and 


crops, were irrigated entirely from creek ‘ditches. BA, SRO 
The’ total area of ‘irrigated land, moist soil, and ‘water surface t e 


period, 1918 1923, based‘on surveys by the’ City of Los Angeles and the 


Irrigated ‘(cultivated and pasture)... 4 


ne Total .. 

and | grass. 


cs, and 


‘The daily inflow into the valley from Owens River and Bishop-Big Pine _ 


‘and Baker Creeks, and several” large springs, is. summarized in Table 


with the’ outflow at Oharlie’s Butte, The inflow figures also include 


“aggregating 10% of the total inflow. ~The of observation, although includ 


ing several dry years, was characterized. by. wasteful use, and it is. believed ; 
that the results for net loss” are representative of average conditi ons for this 


valley. period: of observation preceded any appreciable withdrawal 


“land from irrigation by the City of Los ‘Angeles. 
_ The ‘total evaporation and transpiration loss of 168 600 acre-ft., if spread 


an area of 55 84 acres, in indicates a value: for. Uy of 3.0 acre-ft. per acre. 
it In explanation of the apparently large value of Uy, 'the following classifica- 


fad, of moist lands in | Region, by the U. 
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Seepage water on surface. ‘ 


Water, 0 to. .2 ft. below surface ....... 


statement shows an unusually large ‘percentage of badly seeped land 


gor a high rate of evaporation ¢ and transpiration oss occurs. _ Much of 
this. seeped land is classed in the area already noted as “i rrigated | pasture”, 
The effect on Up of the wasteful methods of irrigation and the paralleling of 
earthen ditch systems at ‘successive levels, one e above the other, is apparent. ") The 
value tends to ¢ confirm the results obtained by Harding i in Reno Valley where 
3 methods of irrigation: and meteorological conditions are ‘similar.* In both 
cases, U, could be ‘reduced materially by the reconstruction of the ditch sys- 


‘tems and improved methods of irrigation, 


tasty 


‘TABLE 12 —Isriow AND. 


Ovrriow ror Bisnop-Big Prye Recion 


by chad: 


4 5 


| Difte 


4 
Year. ow. erence, 


1 


verage 


“4909, during which period the thirteen ditches diverting water Owens 
were built put into operation, affords method for determining 
- the value of Uy for the area in the > Bishop-Big- Pine Region covered by t these 
ditches. The of the lake surface and increase in ‘specific gravity 
of the + water with the corresponding” reduction | of evaporation, should ‘Trepre- 
the combined loss from: ‘the newly ‘irrigated land. element which 
‘might ‘materially ‘modify the result, however, is the extent to which the chan- 
neling of Owens River on the “new grade established by the lower lake level 


has reduced the evapo- transpiration from the river bottoms. Prior to ixri- 


9 gation in the valley the Owens River spread out more or less over its bottoms 
in high water for a width of + to 4 mile, and at all times had a shallow, mean- 

¥ ‘dering and frequently subdivided channel. The bottoms were thickly over- 
grown with willows and grass from which large losses occurred. This » condi- 
pnts was greatly ‘changed for a distance of more than 70 miles by the cutting 

of the new channel. The water level in the river and the adjacent water-table 
both lower than : and occurs in very wet years. Also, 


230. 


— 
4 
-resu 
min 
| 
— 
¥ 
— 
1900. 
1909- 
4 Us 
bot 
“ale 
als 
COr 
det 
‘ 
fir 
Va 
ter 
slo 


sa- 


for is not the data will be w 


_ they are worth, since the method i is unique and may be applicable in other 


en The changes which took place. at Owens Lake have been carefully. dete 


mined by. the writer and ar are as shown i in Table 13. stout 


dire. ole Soe od ot oon 
Stabilized lake | Areaoflake | Specific gravity Annual depth Total 


level, in feet. surface, i in acres.| of lake water. 


The lake being without outlet, is highly and its specific 


has’ exceeded that of sea water even at the highest historic lake level. A long 


of lake levels is available, together with accurate ‘area and capacity 
“curves” of the ‘Take a “specific gravity-lake level’ ” curve a “specific 


__ The value of 70500 acre-ft. for the reduction in annual evaporation : from 


Owens Lake betw een 1878 and 1909 the writer regards as reasonably accurate. — 
all the reduction was occasioned by the increased area of and 


Uy as determined it is that. the shrinkage in 1 flooded river 
bottom- lands along 70 miles of river channel, due to channel eutting, shoul 
- also be taken into account in order to get | the true value of U. yp The detailed 


conditions along the river as they existed prior to 1878. are so difficult 


_ determine, however, that: i is doubtful if it will ever be porsible to get a 


is a “coastal on the Southern California oast about 50, miles 
“terior for a ‘distance: at more thant 20 s, varying i in width between steepl 
sloping hills from 300 ft. to nearly 2 miles. ‘The grade_ of the valley -floo 
averages 20 ft. ‘per mile, being least near the coast. ~The run- -off from pre- 
eaten; mostly in the form of winter rainfall on a drainage area ‘of 565 
sq. miles, discharges into the valley from various tributaries and flows then 

to the Pacific Ocean. The flow of the San Luis Rey River is confined to 


torm perio ring the winter ‘months, except at the head of the valley 


there is a small living stream 


the river channel is marrower and Thi 
decease: in: th This results in great 
n the amount of vegetation 
and change in its character, with reduc- J 
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lyin ng end surrounding the valley are rela- 


ill | immediately tach the valley floor. The fill of t the main valley’ has 


a superficial | area of 7 646 acres and itu thaximarn depth v varies from 100 to 200 develo: 
ai, thinning | out to zero at the margins of the valley. ff The material i is largely 


: water-bearing sand with gravel at lower levels. ‘The water- table stands near tg 


the depth varying different points from zero to 10 o or. 12 ft. 
The average annual fluctuation o of the water-table i is 3 ft., the source of supply 


being r percolation from the flow of San Luis Rey River and direct rainfall, 
The escape is by evaporation from moist sand and soil, and by transpiration 


from meadow and salt- “grass and from willow, alder, cottonwood, and sycamore 
PB Underflow, as measured, was found to be so slow that sub- surface escape B availa 

: the ocean is negligible. The: total area from which evaporation and recent 
piration takes place i is 6 3 640 a fom 
The. annual precipitation on, the varies from 10 in. at the coast ‘Th 
drain 

| tion 

the. San Luis Rey ‘Valley. during: the years, 1913 to 1916, , and from these data 
itis possible to determine. E, for the the ‘period of observation 


or 
the § area of cultivated crops did not exceed 4% of the total ,evapo- transpiration i 


Item. iden Location ‘Onaracter of vegetation. Method of measurement. Depth, 

4 n ence Region eighing freshly | 


Seal Region of Natural meadow, salt- f Large-scale measure- Sain 
Owens Valley.  {grass, and moist alkali soil. ments of percolation. 2.40* 
Independence Region of | Natural meadow, Soil tanks and water-— 
Owens Valley. ‘grass, and moist alkali soil table survey. 2.26* 

....| Bishop-Big Pine Region | Irrigated crops, posture ; Large-scale measure- + hy 
of Owens Valley. and seeped land. ments of Hy, Ry. and EZ». 


aig Shrinkage in area and Tho: 
Natural meadow, and 


San San Luis Rey Vs Valley. 


Based on total acreage ofn natural vegetation plus very small cropped acreage. 


rhe T Based on total cropped. acreage plus irrigated pasture, seeped land, and w water surface. 


pen t Based. on total crop ¥ No ‘correction for reduced 


There being no leakage and negligible underflow the ocean, the. 


may be. considered a closed basin. ' The. annual of, the water- table 


of water the water -table by percolation : from | 


and direct precipitation. — Without going into details which are fully ‘set forth 


it that annual recharge based on three 


wr 
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years’ records was 1 spread over 6 640 acres 


water evaporation, indicated. an annual loss. of 13 980 ‘acre- -ft., or a value for 


Table. 14 summarizes the U and F E,, as found for 

wens an an uis alle 
M R. Lewis,* Am, Soo. C E. (by letter). +—The consumptive use of 


ee is a very definite element of great importance in irrigation, which has 
long been x recognized in regions such as Southern California, where all. the ge 
| available water has been pumped from the } pervious fill of closed | valleys. More 


recently. its. importance has been recognized. in studies of. the water supply 

available for whole valleys rather than for individual projects. 
a ‘The very great increase now 7 taking place (1929) i in pumping: from wells for 


drainage ‘and to supply ‘supplementary water is certain to to make the determina- 


tion of consumptive use of vital importance in many areas. Heretofore, the. . 


| of water required to be . delivered to the farmers’ head-g -gat 
| losses. ‘ If, i in the course of time, return: flow to the stream by natural seepage ai 


or by gravity drains has warranted, and if lower ‘lands were available, the 
irrigated area has been extended. ‘ In places where pumps are used for drainage 


the water becomes available for 1 use on the lands is wi which are being ‘drained or 


on other lands at approximately the same, elevation. In every such case the 
question. arises as to whether there is an excess of either land or water. O 


data | on tl . the duty. of water do not apply. For these reasons, t! 
Committee is « especially opportune. 


The writer wishes to suggest a additions ‘modifications of the 

The terms, , Dy, and D,, all ‘include see age losses from dite es and 


canals in the respective areas. at, A specific statement to this effect would add to. iat 


in determining negative value of (c), the depletion of ground- 


water, is considered, it should not also be considered in the determination of _ 


R, in (b), such deep-soil percolation ‘losses as contribute. et to 


able rise in the height « of the water- -table. I specrstierlhas plies, 


- The writer believes that it would be | better to define U, as s be 


7 


4 Proceedings, Am. Soc. C. E., ‘Seri. 1928, Society Aff te, p. 21 
§ Loc. ott., pp. 217-218. . 
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Then Equations (4) and become, 
Irrig. and Drainage Specialist, Oregon State Coll., and Div. of Agri. Eng., U. s. 
of 


whi an and A the dhopped ‘a: areas in and 


Biwi A, and Ay | are the total areas in the project and valley, respectively ; 
3% and and W, are e the volumes of water, in acre-feet, consumed in the project 
ae If these equations are used, the error in defining the wor “consum tive”* 
p 


would not occur and (5)+ and (7)t would be numerically correct. 


writer is glad see ‘so many different ‘studies of consumptive 
brought together ina single paper. The conditions leading to inaccuracy 


inherent in ‘plot ‘determinations of | _evapo- transpiration are ‘realized. i is 


Re it 4 believed, _ however, that ‘the difficulty r of pre reventing or even of recognizing deep 


_ percolation losses i in plot experiments is so great that it overshadows the errors — 


arge-scale pot ‘experiments on the « one side and in 1 valley” consumptive use 

C. E., April, 1928, Society Affairs, p. 216, footnote. 
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oc e not responsible for any statement made or 


ti somes OF F ITS PRES 


‘edt, vy Cuartes Terzacut, M. Am So 


Terzacui,t M. Am. Soo, _E. (by letter). §—This paper has 


forth discussions ‘from nineteen engineers in the U s United States, Russia, India, be! 
and China, representing a wide range of experience. While demonstrating the 


widespread interest in foundation problems, the discussion also disclosed the 
fact that few readers had | an opportunity to ernanit the publication from | which S 


the. writer’ 's Statement (a) || was reproduced. For this reason, ‘and on ‘account 

of the condensed form of the statement, there was a ‘tendency to misinterpret ie 
It has been previously emphasized that “co esion” and ‘“{nternal riet mn” 


are by no means simple properties. _ They depend not only. on 1 the character ‘ 
of the individual grains (shape, size, n nature of their surface) but, to a _ variable — 


aon of the density, the water content, ‘the pressure exerted by the surface is 


Sis 


tension OF ‘the and the hydrodynamic stresses which | are Associated with 


specimen remains unaltered, are obtain ed that different from 


those | furnished b y t made on identical specimens enclosed between per- 


Under these conditions it is self- evident that the terms, Rs “eohesion” and 


“internal friction” abstractions | and the validity of any statement 


which involves such abstractions “necessarily depends on the validity the 


‘ 
simplifying assumptions on which the statement is | based. This is obviously 


iti 
Discussion of the paper by Charles Terzaghi, Am. Soc. C. E., continued from 


Prof., Foundation Eng., Mass. Inst. ‘Tech., Cambridge, Mass. ye" 
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rs 
decreases due to evaporation, the cohesion increases rapidly. If friction tests 
He. 
| 


also true of the writer’s 
“materials: Those for which the bearing power 
essentially on cohesion, internal friction representing a negligible item ; 


perfe ectly ¢ ohesicnless materials. The: validity. of the statements is limited 


4: 


: fee a (2) The term, “settlement”, refers strictly to the total downward r move-_ 
th ment measured after ‘the structure has reached a state of complete s 
1% mc) ) The comparison between the SF? Sak of loaded areas of different 4 
size should be confined to those produced by unit loads which are J 

ess than about one-half the ultimate bearing capacity for the 


(4) Hooke’s law need not necessarily ‘be accepted, but Poisson’ 8 ratio is 
lowin: 
apply to ) Jase (a): 


and strain and the compressive strength of the 
Surface. 


, Assumptions (5) and (6) should be r replaced by the following: ; 


The mec hanical “properties ‘of the material (relation between stress” 


usd _ and strain) are practically ‘independent of time and of the depth | 
3 (8) The loaded material is incompressible; that is, the settlement of the 
mot hf load is merely due to the deformation, but not to the volume 
change of the loaded material. This condition combined with 
Assumption (4) leads to the following. consequence: If all the 
Sidat o principal stresses acting on a prismatic element of the material 
are increased by multiplying their intensity by equal amounts, the 
| element changes neither in shape nor in volume, irrespective of 

be. (9) At any point of the underground, failure occurs as soon as the ratio a 

between the greatest and the least principal stress ‘exceeds a a 
{3 te inet definite limiting value. This condition represents the most 
important, distinguishing feature between Cases (a) and (b); it 

also represents the fundamental assumption ‘which all earth 

_ pressure theories of perfectly cohesionless materials since Coulomb 4 

__ Were based and may be considered almost | strictly | correct. 


— subject content of S Statement (a) 1 is graphically illustrated i in Fig. 50. 4 
Curve Tepresents the ‘result of a loading test performed on an ‘area (circular, 


square, or rectangular) with a width of 1 ied by either one of the two 
shows | the characteristic 


etrically ‘similar 

shape, but with a of 3 ft. supported by the 0 one of the ideal materials, 

and Curve for the second one. The term, “ultimate bearing 
refers ‘to the pressures p, and py _ respectively, at which a very small nerease 
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he. 
ces a very important ine 
duced by equal unit loads acting on 
equivalent settlements” of those areas. Usin 


‘ 


NS 


areas of various 


: Fig. 50 would be 
{fe 


Unit of Area | jor 


of 
C2 


YY 


08 


fy boils 


q 


tially due t 
: a width, d, equa represented by Curves 
& eC and C, (Fig. 50). Under a load of p per unit of area, which is assumed to be 
much smaller than p,, the settlement, S,, of the large area is approximately 
three times that of the smaller area, S; or, in other words, the equivalent settle cah 
_ ment increases with increasing values of d. On the other hand, at a unit load a 
. of p,; a small increase of the load produces for both areas a very large in- — he 
erease of the settlement, yecause both curves, and bend steeply down- 
ward as soon as the load approaches p,. Therefore, it is' correct to state that aa 
the ultimate bearing capacity is independent of the size of the area. 
| (B) If the loaded ideal material is’ perfectly cohesionless, a similar pair of 
Joading tests would be as plotted in Curves C and C, (Fig. 50). For a load of 
_—p per unit of area, the settlement, s, is practically independent of the size o 
the area, provided p is substantially smaller than p,. On the other hand, the _ 
| small area practically yields under a load of p, per unit of area, while the 
_ larger area must be loaded with p’, = 3 p,, in order to produce ultimate failure. 
Hence, it is claimed that the ultimate bearing capacity of the ideal, perfectly 
fthe areal; 
most 0 ssors as to whethe 
iments. 
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settlement. The settlements pro- 
sizes will be termed the 
g these terms, the laws illustrated 
the Fig. CuRves Yor LOADED AREAS, 
lif- ___(A) If the ultimate bearing capacity of the loaded ideal material is essen-_ cae: P : 
ag 
tas 
the 
me 
the 
the, 
tio 
sa — 
10st 
irth 
ymb 
50. 
lar, 
two § this doubt, it should be stated that the conclusions were obtained entirely eo g 
stic which was bases (1) to (9), inclusive. As a matter of 
Sler i fact, if the validity of these assumptions is granted, Laws (A) and (B) need a 
proof, because they represent simple consequence of the laws of similitude, 
ty”, Hence, any inconsistency between theory and practice must be ascribed to the 
ease properties of the material being at ideal 


if the. properties of any soil 
of theory, the laws represented by ‘Fig. 50 must be 
parison bi between ‘the ideal materials and the actual soils leads to the conclusion 


that « clean, conhesionless sands differ from the ideal | cohesionless ‘material inas- 
‘much as they are not perfectly incompressible. A it the intensity of all the 
stresses acting within the loaded material i increases at t the same rate, compres- 
sion 0 of the underground takes place which, i in turn, causes a certain amount of 


settlement i in addition to that caused by distortion. _ Therefore, the empirical 
urve in n Fig. 50) would be somewhat steeper than’ the theoretical ev curve, 


C4; sien, the ultimate bearing capacity | of f the loaded material may | be slightly 


reduced for the same reason. However, since the compressibility of sands has 
lready thoroughly investigated, is a simple matter of estimating 


roughly the discrepancies. every case that may come 1 practice, For 
dense sands, the discrepan ney between — is small, ‘while 


50), with actual plastic uniform 
assumptions are fairly accurate, except for a certain increase in the aelicn' 
the clay caused by progressive consolidation of the loaded material. 


this increase could not possibly account: for the striking discrepancy between 
- the settlements which should be expected for clay foundations from the results” 


f loading tests and the actual | behavior of bi buildings such 


could possibly be made responsible for the defeat the 


theoretical results. According: to Assumption the term, ‘ ‘settlement”, 
refers strictly to the total downward n ‘movement until ‘the structure: comes to 


rest. In practice, the settlement observations on buildings are made, at best, a 
few years after t the > buildings have been constructed, and when the settlement i is 


ty time which has to pass” until the settlement of a fair-sized building 


resting on clay would approximately ennticch' to Laws (A). and (B) obviously 


depends on the time required for the excess water to. drain out of the elay 
beneath the building. _ This time, in - turn, depends on the permeability of the 
clay and can be estimated by 1 the theories previously published by the writer.* ‘3 
Suppose, for instance, that the settlement due to ‘pure compression of the clay 
- beneath an area di ft. wide w: a8, after 5 days, 0.5 in. . According to » theory, for 
an area with a , geometrically similar shape, 20 ft. wide, subjected to exactly the 
“same load per unit of area, it would take 5 xs 20 = 100 days to settle through 


- the same distance of 0.5 in., » provided the excess water could. ‘not escape except i 


rey through the exposed surface of the e clay, surrounding | the loaded : area; or, in 
other words, provided that the bases of the loaded footings: were water-tight. 
On the other hand, if. the bases of the loaded footings were permeable, the 
settlement of both the s small. and. of the large. areas, after 10 days, would be 

- approximately identical. . However, for the. small. area the settlement. would 
stop after it had reached during, a period of several months a total of about 1. 5 
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TERZAGHI on THE SCIENCE OF POUND: 
in, while for thie larger one it would continue with decreasing speed | until after 
porenl generations it would reach an ultimate value « of 1.5 xX 20 
Thus, it seems highly ‘probable that the apparent contradiction between 


‘theory and practice for clay foundations is due not to a defect of the theory, 


but to ‘the attempt to correlate the settlement of small loaded areas—mensured 
PES 

almost as the ; footing comes ‘to: rest—with that of full-sized buildings i in which — 


the ‘settlement ; has scarcely begun. Asa matter ‘of. fact, in old cities. witl 


buildings resting on clay or on very ‘slightly ‘permeable mud, such « as ; London or 
Constantinople, for example, there is ample evidence of progressive subsidence. 


The City” of Chicago, ‘Th, too, despite it ‘its comparative youth, is crowded with 


instructive examples. A section of Cambridge, Mass., has subsided more the 


2 ft. since 1880. were possible to. compare the results of a loading 


on clay with the settlement which a raft foundation, resting on the same clay, ‘ 


str 

had undergone not 1 year but 200 years after the building was ‘constructed, 

the agreement with theory would be much more satisfactory. _ 
- These statements are corroborated by the fact that the examples presentec 


the discussion. a8 arguments against the validity of the writer’ s statement 


‘folder entirely to clay foundations, on which the ‘settlements are retarded by oe z 


‘the enormous resistance of the material against | the escape | of the excess water. 


No contradiction was found to exist between - theory and practice for founda 


tions of friable limestone, muck soils, silt, and sand, and other fairly permeable. } 


- materials (see, for instance, the discussions of Mr. Wh hite* on limestone, Mr 

on muck soils, and Mr. Wing} on sand and gravel) (8). 


4 The bearing capacity. of most of the more permeable soils ‘commonly found | 


z in practice, for example, ‘sands with traces of silt, or deposits of “muddy sa ds”, 


‘is appreciably | influenced by both cohesion and friction, the relative importance — 


cohesion depending on the composition and on the density of the ‘material. 


For such soils, a loading t test performed on: an or 3 ft. wide should furnish a 


curve somewhere within the shaded area in ‘Fig. 50, its. shape and position 


"depending « on the degree to which cohesion: participates in producing ‘the bear- 


3a Attention should also be called to the fact ‘that Laws (A) and (B), « or any 


rules for the interpretation of load test results, are based implicitly on the 


assumption that the soil is practically uniform homogeneous: to a depth a 
least equal to 1. 5 ‘times the width of the raft foundation, the settlements of 


which ar are to be or of the w idth of the area over which the 


oil is far more limited thar 


a2 In his paper the writer r quoted the rules illustrated b by F Po se eee (A) and 


(B)), merely for. ‘the ‘purpose of demonstrating that no real contradiction 


exists between the different settlement observations quoted in the paper (Chi- 


¥ _ * Proceedings, Am. Soc. C. E., August, 1928, Papers and Discussions, p. 1832. Raaeeeayit) 
Loc. cit., October, 1928, Papers and Discussions, p. 2313. i 

Loc. cit., January, 1929, Papers and Discussions, p. 84. 


 § According to Assumptions (5) and (7), p. 950, strict validity of the laws ‘valgtiiites un 
mity of soil conditions to a equal to infinity 
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; San Francisco, or the test results of Goldbeck and of von Emperger), and 


hat the apparent contradiction between these test results ‘disappear if they are 
“examined in the light of applied mechanics”. * In al all these. cases, the prop- 


erties of the ‘materials (hardpan in| Chicago, succession of layers of clean 
‘ or sticky san n San F rancisco), 0 or the conditions under. which the tests (by 
principles. Fig. 50). In contrast, to this, no no such application would 
‘justified for correlating the results of a small-scale loading. test on clay with 
ot he observations | covering a period of. a few ‘months 0 or years of the history 

of the settlements of a raft foundation resting | on the same clay. In brief, the : 


Line. 


application rule to practical eases should by a careful 


The discuss ons essentially with two topics—the Engineering 
formula and the interpretation of the result of loading tests. Ate 
Among those who discussed ews formula, ¢ only one had 
ta anything to say in its favor. ui ~The others rejected it more or less emphatically, 


without exception, on the basis of past. experience. However, little atten- 


on 


mula to give ‘satisfactory results pile- driving clay or saturated 
silts is due merely to the fact that, in these -cases, the | conditions existing in uy 

practice fail t to conform with the 1 theoretical assumptions. 
These remarks to the attitude: of discussors and of engineers 


enced engineers | have accepted these : statements as being in 
with their own observations. Others, also, backed. by broad personal experi 
ence, have rejected them, This fact should arouse the suspicion that conditions 


ready half empirical formulas. In a third g group of discussions, attempts 
= to disprove the staternents by Proposing: formulas which are claim 


always same. As often as as a a new formula ‘appeared its was found 


vag 


i that the results furnished by it did not : agree with many of the observed facts; 
therefore, it was argued that the formula must be m modified. Nobody. seemed 


to suspect | that its deficiency might be due to the nature | of an assumption in 


common to both the criticized and the ne proposed formulas. — Hence, the discus- 
sion of the pile-driving formula revolved for half a eentury ina vicious circle. 


Am. Soc. E., Papers ang Discussions, P. 2268. 
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Poin 
the situation, namely, that the most general pile-driving formula (Equat 
- oe is fundamentally rigorous, provided one grants the validity of the b ee 
: ee. assumptions. The most important of these assumptions concerns the ide “adh 
1g 
per 
: der 
of 
art 
un 
on 
ide 
SS me ese reminded the writer of the many discussions he has read about pile- ee 
th 


\ None of the discussors seemed to realize that the writer’s statements stand 


as firmly “on their feet” applied mechanics, Provided the fundamental 


assumptions conform with the e conditions existing i1 in practice. The assump- 


fi ions cover all the essential. mechanical. properties of the soils, ‘except those 
* yhich. depend, on time as, for instance, the compression of a clay or of a a very 
fine saturated silt. In a similar | manner, the assumptions on which ‘Equation 

(8).i is based consider all the essential elements of pile- driving, except t the : fact 
that, in many cases, the: dynamic static ‘pile- -driving r resistance are. 
identical. Hence, it is 3 justifiable | to conclude that Laws (A) and (B) m 


e correct, except, fot cases in which the time factor partly. or ‘wholly upsets 


their validity for the brief period | covered by the observations. 
“Instead of presenting this simple, | but very important argument, the mem- — 


Pat of the third | group of discussors merely tried to replace the laws, which ae 
ave a a limited but kn known : range of validity, by others which are neither | 
Tigorous analysis supported by a known range validity. In 


hav 

do oing so, this group repeated the mistake made by discussors | who: tried to 

Te 

on 


eplace the classical pile- driving F ormula (3). by other ‘objectionable 


es, instead of inquiring as to the furidarnental cause the observed dis- 


id bi These remarks also apply to discussors of the second group who attempted - 


to 

nay then i is the use for establishing ‘rules’ at all? The answ answer to 
th this question touches ‘the most vital ‘point o of the seience of foundations, and 
it cannot. possibly be over-emphasized. | des. do. ot 


Settlements, in as a rule on a number of 


of a structure is a function of so eer variables” that: it would tees hopeless to 


arrive even at crude and empirical conceptions « of the causes of) settlements: 
unless systematic efforts are made to evaluate the relative ; importance of « eac 
one of the individual variables. This’ can be done merely by establishing a 
theory, not of the complex materials encountered in practice, but of a set of 
‘materials with certain very. simple properties, each one of which will 


serve as ‘a means of studying one aspect of the real | soils. 


oo 


of that type falls far short of into account all 
that exist | in | practice, there always | will be a certain gap between theory | and 
practice, which can be bridged merely by experience. Considering the exist- 
nee of this 2 gap, the writer ‘agrees heartily» with Mr. Gow’s warning* against 
readily accepting common formulas for use in actual practice. _ The writer 


even ‘doubts whether formulas with a fairly general degree of validity could be 
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established at all. Theory connection. with f en, ineering: should 

be regarded merely as. an n essential supplement to experience, to used as 
tool for acquiring a deeper insight into” the ‘causes of observed foundation 


defects. and for evaluating the relative importance of the factors i in’ existence. 


Without more ‘profound: analysis of phenomena encountere practice, 


Le experience i is doomed to remain the same accumulation o of incoherent, meaning- 


2 ge Tess facts which fill the space between the covers of many textbooks on founda- 


tion | engineering. The time may ‘come when ¢ a man with experience, but with- 


out | a thorough theorétical training, will be considered almost as unfit to be 


trusted with a design of an important foundation as the theoretician who has 


no experience. ‘structural this time came ‘nearly cen- 

writer hesitates to accept Mr. Gow’ concerning the 


ing N ews formula. * If, as ‘Mr. Gow states, it is a fallacy to rely too strongly on 
t e results of individual pile tests, the application of the Eng gineering | Ne ews 3 
formula seems to represent an even greater fallacy. 


Ibis significant that Mr. Goodrich* aban doned the formula long before the 
writer had even heard about its existence. ‘The observations made by Mr. 
Goodrich concerning the stress distribution over a square bearing plate should 


om incentive for | similar investigations: of raft foundations resting on “clay 


soils means sof | Goldbeck pressure cells « or similar devices. 
rted by Mr. En adersbyt reminds the writer ofa similar 


AD 


urred 1 
‘Galveston, ‘toa a depth of about 50 ft., the consists of very sand 

mixed with powdered shells. ye Because of the very dense structure of this. sand, 


it is considered impossible to drive piles. to a depth of more than 15 or 20 ft. 
without smashing the pile- head. According to Colonel Schley, 


Engineer of Galveston, | some piles driven with a steam hammer to refusal 
ee ettled afterward several inches under a static load of less than 15 tons. This 


and the incident mentioned by ‘Mr. Endersby_ are. obviously decompression 

phenomena which can also be reproduced in the laboratory. B. If a layer of sand 

that is laterally confined is subjected to a a rapidly. applied “pressure up. toa 


certain value and the pressure is kept. constant (possibly by a testing 
machine), the counter-pressure of the sand against the ‘piston: first. drops 


_ rapid ly and then slowly to less than one-half the original reaction. In -con- 


<> 


in which the 
as done with a steam hammer that could apply pressure 


rapidly. The intensity of the decompression phenomena may | be considerably 


imereased by the presence of a or pocket of very. loose san a short 
- (distance beneath the point of the pile. Since the number of known conspicuous 


_ decompression phenomena on piles is exceedingly small compared to the 
os of cases in which the piles behaved | normally, such a possibility could at 
least be considered. 1 comes 
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> Endersby’: s statement* that the result of the tests ci: three different: 
“hams was “a good tes for | consistency of the [Engineering News] formula 


as applied to various types of hammers”, should be - accepted with caution. 3 The By 


“satisfactory agreement, between the results. is appears to. be mere chance; other- 
wise; 1 it would always exist. To mention 0 one example among several on record: 


When driving. the p viles for the Mariotis | Lake Bridge, i in Egypt, three different 


pile- -drivers were used: A steam hammer (weight, R 400 lb.; drop, 


= 3.28 ft. ne a hand-operated drop hammer (R= 1320 Ib. ph h= 6. 6.56 ft. 
and a steam drop hammer (R=4 400 h = 8: 28 ft.). The points of a ll the 


“piles penetrated the same ‘stratum c of + The Engineering News formul 
furnished fe for the safe beating capacity of these piles” the “average: values of 
66 800, 16 800, and pra 600 , respectively. rf the Engineering N Tews formula 


would furnish consistent for piles driven into the same stratum with 
"different types of hammers, these three values have been fairly identical. oe 


act ‘of Providence ‘rather than by inherent merits. very 


_ seldom have a chance to watch different types of pile- drivers operating simul- 


agased on a very homogeneous material, they are apt. to > base theit ‘opinions 
inadequately small amount of actual evidence. = bororstesig 


é Te gal _ Paaswellt justly emphasizes the fact that ‘the New York Subway “i is 
_ unquestionably the world’s best laboratory for the study and illustration of al : 
types of foundation problems 4 The same was true for the Panama Canal in 


f the field f stability of earth slopes. _ Unfortunately, very few results | of lasting Z 
‘OF 4 


--value were d | derived from the Panama e: experiment because of lack of of funds : avail- 
able for purely scientific research. In New York, the unique opportunity for 


systematic research seems by no means to be utilized to full advantage. ‘The 
Subway remains a beautiful laboratory” without equipment and 


without personnel. The profession should appreciate : all the more the idealism a 


of those few engineers engaged in subway construction who, theit own 
initiative, seriously ‘endeavor to broaden technical knowledge on this subject | 


‘Williams$ presents a ‘theory. on (a) That 


tg f soil compressed is limited by the de pth at which the } pressure in’ 
of area) drops below 4 certgin limiting value; ‘and (ce), that 
‘Goedlisent of compressibility, C, is independent of pee. _ Attention | shotild be 


to the fact that Assumption could” merely “be considered approxi 


mately valid for materials with: eohesion; for cohesion niléss- materials, 
My ‘Williams then 


wis 


ith different. widths, From 


ase el 


Proceedings, Am. [Bee C. E., January, 1928, Papers and Discussions, p. At 
According to Mr. W. Stross, in Beton und Kisen, 1908, 
§ Loc. cit., p. 657. — 
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__By introducing value h into the terms preceding 
this formula, the same are dbtained-as: those expressed | by Curve C;, Fig 50. 
_ However, instead of retaining h, Mr. ‘Williams ‘ceases to consider it as a fune- 
tion of the width, b , without attempting to justify his step, thus transforming 
it into a constant. This ‘operation leads to the formula W=A Pp +4 f, which 
contradicts his | theory. Since his final formula does not 1 represent . the result of 
the theory, it could be sa eile an ‘empirical equation and the writer 


s too fragmentary: to warrant suc 


Fig. 80, To conform with, the, of theory, the choull 
4 a be uniform to a depth equal to at least one and one- half times the width of the 


ob building. In contrast to this, from his own experience, the writer | can state that 


the e clay. deposit. of Detroit i is far from being homogeneous. It sonsiata of an 


ftand stiffclay, 
‘Mr. Williams refer to a recently 


building and settlements are ‘not comparable as‘long as one of them 
still continues. a building “resting on clay, foundations, | the settlement 


_ twenty years after it was constructed i is certainly not identical with that just 


after the building was completed. It may be many ‘times more important. &§ 


Thus, for instance,. in Massachusetts, a ‘short. time construction, the 


settlement of an important structure founded on plastic. clay ranged between 
0.1 and st 1 in. ~ One year later, the | extreme settlements had increased to 0 


bes 2.8 in., respectively, and ten years later, they amounted to 1.0 in. ene 7.6 


cy between the results of the 


d the _ test est 


ok to compensate for 


ce of “she on ats of small 


and large footings is exceedingly different even same depending 
on the water content, Hence, it seems rather difficult to establish a reliable rule 


for computing the intensity of the « compensating load which should be applied 


around. the footing. Instead of trying to reduce the ‘discrepancy. between test 
‘results and the : settlement of the proposed structure by introducing into his 


arguments one more “element of uncertainty, the writer - takes. it for grantec 


‘that this discrepancy (together with the } possible effects of the lack of uniform- 
ity of the underground) 1 Tepresents inevitable defects of of the. load test, results. 


d 
‘Hence, when attempting to evaluate the probable settlement of a | proposed 
structure, he bases his judgment not only on— test results and. his: knowledge 
of soil physics, but also on past experience and on what the po borings show 


wit} tnt 
about cw: nature of the deeper strata m_ ‘Tent results and physi 


ssions, 
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re used. merely for establishing connection betweer ast experience and. the 
situation. In no case would he dare to rely solely on a test result. 
4 4 ie Williams. states* that the. writer neglected the effect of the deflection 
x the foundation. on the p pressure distribution 1 over - the base of the foundation. 


or foundations on. well compacted sand, the p: pressure- -relieving effect 0 of the. 
is very important i indeed, but for soft fils, is insignificant. 
‘This 3 fact has been known : for more than, years. 


tions are _ supported by soft soils, designers do not often have an opportunity Bs 


take advantage of the pressure- relieving effect, of deflection. The question 


-songerning the distribution of pressures over. xr the. base e of r 
Fe 


still ina a controversial | state, and the discussion | by Mr. “Whitet of the same. 


topic seems to indicate that engineers are by | no means unanimous in assuming 


‘Dr. Chatley « ‘calls -attentiont to. the with which 
cinaiatldg of fine alluvium, expel ‘their excess water. - During 1928, u u 


‘weiter's: supervision, Glennon, Gilboy, Jun, Am 


tion of hydraulie- fill dam 


am and u a 


present. an important contribution toward _Present 
the cons olidation they cor nform with Dr. Chatley’s 


and: with ‘the conclusions “previously. drawn by the writer from 


Dr Chatley’s conception§ of the part’ ‘that the molecular bond plays: in ithe: 


exists that | ‘the degree of dispersion of a highly colloidal. soil | may gradually 
change. To date, very little is known) about this process. writer ‘is 

inclined to believe that i it is. is often associated with chemical changes and that % 
plays: a very important part in Nature. ot is ail 
‘The most promising methods for the design of sheet- piling seem to be those, 
based on on the assumption of a circular sliding surface. These methods were, 
"developed by K.E. Sven and W. ‘Fellenius, i in Sweden. 


benefits to be for foundation and 


years of struggle e with ‘the complex called soil, this enthusiasm 


— has dwindled to practically nothing. . Some. of the reasons of the progressive ay 


Proceedings, Am. Soc. C. E., February, 1928, Papers and 663. 
is Loe. cit., August, 1928; Papers and Discussions, Pp. 1822. ives 

Loc. cit. February, 1928, Papers and Discussions, (664, 


sha “Mechanics of Adworption and the ‘Swelling of | Gels,” charles ‘Tersagh, M. yon Soc. 
E., Fourth National Colloid Symposium, 1926. 


Tragfihigkeit des Beugrundes,” H. Krey, Berlin, 1926. 
ss ** Proceedings, Am. me. Cc. E., March, 1928, Papers & Discussions, 


7 
ers, 
ling 
—— 
50. 
44 
ang — 
tof — 
iter 
— 
yan 
4g 
— 
the 
je — 
43. turbed samples were 
tly samp ere secured at various depths below the crest. The results 8 | ff 
em 
3 
ent 
ust 
een Physics of granular masses 18 Tundé 
o adjoining particles interact directly or whether 
7.6 
the 
est 
Phe 
all 
Ing 
ul — 
ied 
et 
his 
It. 
Erdwiderstand und) 


TERZAGH ON ‘THE OF FOUNDATIONS: 


disappointment ‘can be ‘explained 


admits* that “ex act the from ‘webil to of 
golloidal ‘material a long and laborious process”. Therefore, he “proposes a 


h simplified : method of his own as shown in Fig. 20. * According to this ‘diagram, 


: an ignition loss of | 3% may mean anything between 6% : and 1 29% 0 of colloid a 
content. the col loid ¢ content, Mr. Holmes proposes to ‘derive the ‘per. 
meabitity ra ate”. “There is no such thing as a definite permeability ‘rate for ‘any 


I, particularly for one that contains colloids. 


| following data from tests recently performed by th writer on a soil 


: Spanish Honduras 1 may serve as an illustration. ‘The soil had a clay content be 
% and , in its na ural state, a water content of 33 per cent, “The coefficient — h 
of permeability of this soil was found to be: Undisturbed ‘sample under 


primeval forest with 33% of water, A = 2.6 cm. per min. ; - (0) the same soil 


2. 
i dried, powdered, and « ‘compacted, k= 0. 0024 cm. per m min. ; (c) the same ‘soil 

4s with tl the same water content as in Case (a), but after completely destroying it its 
original structure by kneading, k= 0. 0,00000085 cm. min. 


avs 


& jain addition, by increasing the water sr content of Sample (c), from 20% to 40% ‘ 
coefficient of. ‘permeability was increased from 0.00060010 - to | 0.00000250. 


Considering 1 shaee, figures, it. i is difficult, to how a knowledge | of the 
olloid content could help i in determining 1 the hypothetical ‘ ‘permeability “rate” 


of such, a soil. FEF urthermore, it is well known that the sare with a the same 


q 
and the quantity the ‘salts, which it contains. 


“Nothing except a refined chemical analysis. eould disclose the nature of these 
admixtures. Finally, some of the ‘most excellent dam construction materials 


that the writer has ever ver encountered, which were splen idly fit fanteeiiioe 


earth dams without a core- wall, contained almost no colloids. 


elf ‘Considering these and many other facts, the writer cannot be blamed fo for 
his: skeptical attitude toward ¢ those who hope to derive id practical 


sults sof appropriate ‘experiments. Nevertheless, s, any advance i in ‘the field of 


colloid chemistry is of outstanding interest to e every one dealing with soils” 
nd with earthwork This interest, however, is at present of 


Mr. Feld interprets the writer’ s desire to establish a more accurate inter- 


Protation’ of actual ‘as a desire to “sudden aly 


In establishing such co- operation, the absence of any authoritative nomencla-— 


ture certainly is serious” handicap; but it is by’ no means ‘ the principal 
~ stumbling block. ‘Far more detrimental is the widespread lack of training i in 


abstract reasoning and. the tendency to reject theory completely. unless it leads, 


E., March, 1928, Papers and Discussions, 
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di | not know anything about ato n the case of the bearing. of solid 
“against s¢ solid within the elastic limits, the shape of the area has a 1 very impor- 
tant effect, but all efforts ‘solve the problem ‘theoretically thus: 


‘have’ failed. However, since | J anuary, 1 1927, expetiments ave been conducted 


at the ‘Massachusetts Institute of Technology, for the purpose of getting at 
Teast” preliminary information on this controversial subject. The results 


“obtained to date ¢ are interesting enough . They suggest that the effect of the 
- shape: of the | area’ on both the equivalent settlement and \ on the ultimate bear- 
eapacity may be very different, depending the ‘degree of cohesion. 


or ‘example, assume ‘tyo loaded areas, one with a cireular shape, of which 
the diameter is d, and the area, fi. and the other one ‘rectangular with the 
wW idth, d, and a length several times larger than d, s so that the area is  F. For 


a with dominating « cohesion Plasticine), the equivalent settlement 
was s found to be smaller than that for On the other hand, ‘the 


perfectly ‘the "opposite relation was fou 


e The tests were repeated several times, “and the results were remarkably | con- 


sistent: ‘Here, again, ‘it seems: a fact that the influence of the shape is 


area may be very different, depending on whether the bearing capacity of the 


é, material is essentially due to cohesion or to internal friction. pa 


PTA 


iis The “sympathetic” settlement of adjoining footings may have very ¢ diffe 
ent: causes. In the ease illustrated | by the writer’ s Fig. 
located at a distance of about 300 ft. fror m Building (b), had 


: inches. In this case, the sympathetic settlement was. due to the presence of | a 
layer of sand beneath ‘a bed clay. 
-patheti 


re Housel presents series of very interesting and vahiabls ees 
from these results, he feels justified i in concluding that the statements 
Bes the writer concerning the relation between the » bearing capacity A" 


and the diameter of round plates, i is false and that they lead to absurd results, 


5; at the outset of this closing discussion, the writer quoted the ssumptions 
Fig.. 50 was based. It also 1 was. ‘shown that Laws (A) and (B), 


- derived from these assumptions, are as unquestionable as the laws of applied — 


- mechanics, provided the assumptions agree with conditions existing in Nature. 
é Therefore, if a diserepancy is found between theory and practice, ‘it must be 
- due to some factor not taken care of by theory. In the case of foundations 4 
Proceedings, Am. Soc. C. E., March, 1928, Papers and Discussions, 877. 
Loc. November, 1927, Papers and Discussions, p. 2285. 


Loc. cit., ‘April, 1928, Papers Discussions, D. 1243. 
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The first lesson learned is the intimate relationship that exists, between 
the low permeability of the e underground and the progressive settlement « of the 


baildings..w hich it supports. tt: is, important aga 


, depending on. whether or or not clay. contains streaks 0 or layers. of 


permeable sand through which part. of the excess water of the clay may. freely | 4 

drain. It is also important to prevent the mistake applying to @ fairly 

permeable system of strata the « experience previously obtained with foundations 


mn very slightly permeable materials, such as plastic, homogeneous clays. That 


to uncover | the responsible factors by isolating the variables and systematically 

determining their relative importance. tr (tana od Goad bas wt 
However; Mr. Housel selected another and. apparently simpler method of 


‘dealing with his. subject. Instead of attempting to investigate whether or not 


| Ee is what the writer calls a ‘ “scientific approach” to a soil problem; an attempt 


the. ‘statements quoted by the writer were consistent ‘with the accepted laws 


tions such as ‘ “shearing resistance” % per unit per length of perimeter and “ “pres- 


bulb”.* "These conceptions: certainly are convenient for a general descrip- 
tion of the conditions which exist in the underground of a loaded area; but, if 


ae comes to rigorous. ana ysis, they | cease to exist. In applied mechanics, the 


term, “shearing resistance” , refers exclusively to a unit of area, not to a unit 
of length, and the pressure bulb is not - referred to at all, except inasmuch as 


‘it indicates vaguely what is vigorously “expressed: -by the formulas o of Hertz 


Considering facts, , it is very difficult to ‘translate into terms of 
applied. mechanics such statements as “the important consideration * 


is the: effectiveness with the different, plates themselves to 


Speaking of his test Mr. “Housel that the agree 
conditions as defined by Curves and Oy: Fig. 50. Yet, he rejects them 
because “* aa * when the principle i is applied to the much. larger areas’ used 
in practice the fallacy of this assumption becomes apparent”. Then, 
without preceding analysis, Mr. Housel supersedes the term rejects by a 
term of his own - conception (Equation (11)), ¢ and simply claims that his term 
"represents a 3 a satisfactory solution, valid for all soils irrespective of their phys- 
' ical properties. _ Nowhere i in his discussion does he hint _at the possibility that 
a difference i in drainage conditions may have a far greater influence on settle- 


ments a difference in. or in internal friction. 


1928 Fapere and Discussions, 1250. 


re 
962 AGHI ON THE SCIENCE OF FOUNDATIONS 
a resting on clay, an apparent discrepancy was found to be caused by the low =. 
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iq two cases of failure which oceurred in spite of thorough preliminary work. — a 
* Proceedings, Am. Soc. C. B., April, 
7 


dents?» Lhe writer does not believe 80. 
experience with foundation failures, he. is convinced that more than 90% of 
the accidents which ¢ occur nowadays" could be avoided by proper » application — 


of the results of soil research to the. design of foundations. . The others will 
remain ‘inevitable, very likely forever, on account of ‘the e fragmentary cha 


; _ acter of the information furnished by test borings. 1 By trans orming this frag 
mentary” information into complete ; geological profiles, the engineer automat 


cally introduces into his forecast a personal element and with it an element 

of of uncertainty. construction work w ith which the writer ‘was con-— 
Byam careful test borings were made and all o of them indicated the presence 


of a continuous bed. of very stiff clay. extending toa considerable depth below 
the be base of the proposed raft foundation. Immediately before t the reinforce. 
for the conerete slab was placed, water broke through the ‘bo 


the pit, carrying large quantities of very fine sand. Subsegtent investigation 


by ‘supplementary boring showed that there was a narrow belt of quicksand 


enclosed within the clay bed at a very shallow depth below the bottom of the i 
“excavation pit and by mere chance the test borings missed it. wit 


risk caused by. the fragmentary character, of test-boring records will 


- always continue to exist. a In another discussion* , the writer: has pointed out 


< that in connection with dam foundations this inevitable risk is still very much 


greater and very much more serious. Th The ultimate aim o of the science of 


oundations merely consists in reducing th the present ‘intolerably wide margin 


oy _ between the factor of safety of the most and ‘of the Teast solid foundations. _ ; 


with the Chicago clay. 
stiffness or the cohesion ¢ of this, clay. increased with the 
_ Since the ‘cohesion of the clay ‘varied with ‘the depth, and since, , in addition, 


‘the clay represents a very slightly permeable x Law (A) is not directly 
applicable. to Mr. | Condron’s: case, and the interpretation of the test. results 


“represents a rather, complicated problem of soil physics. 
* Condron’ 8 method of handling the problem can be considered a typi 
example of a very conscientious and conservative approach along. the lines of 


practice. In order to determine wherein 1 this practice may “fall short 


of what is desirable, engineer tion: ss ar ments led 


. Condron ‘to conclude that 3 000 lb. per sq. ttt 3 is a safe load for the s soil 


‘His most important argument undoubtedly was | that the neighboring a build 
a ngs, with foundations designed 4 for a soil pressure of 4 000 Ib. per sq. . it., Aretig 


no evidence of unequal settlement. — After Mr. Condron had verified this fac ° 
a loa ing “test, with the soil around the loaded area remaining in 


place. _ From the favorable outcome of this test, plus the evidence furnished © 


by the. neighboring buildings, he reached his conclusion. 


Am. Soc. C. E., August, 1928, Papers PP. 1953 1957 
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answer this rather vital ‘question, suppose that an 1 engineer has to construct 


duplicate of Mr. Condron’s building. Before preparing the plans’ for ‘the 


rote foundation, he makes exactly the same test as Mr. Condron did, except to assume 


that there are no ‘neighboring buildings the behavior of which would inform him 
about the quality of the underground. _#F urthermore, when making his test. 
4 borings, suppose that the engineer discovers. that, to a depth of 10 ‘ft. below 


the base of the ee: footings, the underground i is the same as that found 


a (a) Instead of homogeneous stiff blue clay, there is a omogeneous soft blue 


of homogeneous there i is a stiff blue lay which 


© of f homogeneous stiff blue is a “yarved” clay consist- 


ng ¢ of a succession of almost impermeable am, fairly ‘permeable layers about: 
Since, at a depth of 10 ft. below its base, the exerted by the 


loaded 6-ft. square test footing is already negligible, the outcome of the load- 
ing test will be almost exactly identical with that obtained by Mr. Condron. ; 
Yet, the major part of the pressure bulbs of the full-sized footings will be i in ¢ 


a material altogether different. from those in the case cited by r. Condron. 


As: a consequence, the ratio between the settlement of the test t footing and of 
‘the full-sized footings will also be altogether different. 


oe In Case (a), the settlement due to lateral yield of the soft clay v will | e 


much 3 more important than it was when the “@eeper part of the ‘stratum ¢ con- 


sisted of stiff ‘material. Tn ‘Cine (6), the excess water in “the clay 


the full-sized footings can freely drain into the dad? out” of the clay, While 


through the homogeneous s stiff clay beneath Mr. C aids building, it ‘could | 


percolate except very slowly. Case_ (c), the’ clay can discharge its” 


excess water still more freely, and the settlements due to gradual ‘consolida- 


tion are apt to be very important although ‘the material 


of being very stiff. Whenever, | in practice, the 1 writer “encounters “varved 


clay iy”, he knows there i is trouble ahead, and experienc ce has confirmed 
The | engineer who ‘pays little or no attention to the manifold character-- 


istics of soils would be apt to trust the outcome of the loading test , and Would 


side er Cases (a) to to be identical with the | described by Mr. 


; dron.— Hence, he would also consider 8 000 Ib. per sq. . ft. a safe load and to his | 
. B eighe the result of his decision would be an excessive settlement of the struc- 


AMA 


uch errors by ‘painstaking analysis of the relative weight of each individual 


as many 


Without such analysis, ‘the profession would hav 


i 


gives the “impression 


=a 
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ure. The task of developing a “science: of foundations” consists | in preventing 
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two points s wherein Mr. ‘White's opinions seem to differ from those of th 
writer, are ‘the value of loading tests. wplation between the be 


capacity and the density of soils.* notin 


Ginx The principal arguments against placing too much confidence in loadin 


tests Were. explained in. general at the beginning of this closing discussion 


and by means | of an exdmple i in the writer’ 8 comment on Mr. Condron’ s dis- 


¥ cussion, The writer uses loading tests ‘merely as a means of investigating the 
‘ character of individual strata, but he never would dare to pass judgment on 
i the probable settlements of a full- sized structure without careful consideratio 

- not only of the results of the loading tests but also of the influence of the char- 


bulb, of the test footing and ‘that of the ‘fulls -sized footing. The cases in 


soil. is of a perfectly uniform character. to. a depth at least equal to. the 


agi The relative density of a soil or of a rock is undoubtedly a factor. of impor- 


tance, but unfortunately. ‘the relation betw veen the behavior of this soil and ‘its 


density are. by. no means simple enough to furnish reliable “information, on 
the bearing ¢ capacity of f the material. Thus, when experimenting with clays, t the 


writer an opportunity _to compare two. blue Clays two different 


Tocalities. One of these « clays, with a water content 35% (volume of voids, 
was almost liquid, while the other with exactly the same water conten 
and the same volume of voids was found to be stiff and had a v 


Similar although less ess conspicuous variations w to exist 
This, leads. to, a discussion. of the effect of the shape of the grains. 


is inclined to assume that: the large voids ratio may have the same 


effect on the mechanical properties of a sand as the mica content. _As a ; mat 


ter of fact, the compressibility of. the same sand i increases rapidly with its vo 


ume of There” is, how ever, one fundamental difference betw ‘een pure 
sand, and dsand- mica mixtures which cannot be explained b y. Mr. White’ 
assumption. ‘This ‘difference concerns the elasticity. of the two mate ials as 
illustrated by. the shape of the rebound | curves. Thus, when "experimenting | 
ith very. fine quartz dust, it was: -found that, compression curve of this 


ERT; fy 
material was almost as steep as that of a ‘sand -mica mixture, but the rebound — 


curve was almost as flat as that of an ordinary sand, , while the rebound curves 


of ‘the equivalent sand- -mica_ mixture rose e very sharply, Since the rebound 
curves of the clays are as steep as th those of “sand-mica mixtures, the writer con- 
cluded that the clays and silts owe their mechanical properties essentially to 


the presence in in the m material of a hi igh percentage 0 of scale- like particles. At the 


Am. Soc. August, 1928, Papers and Discussions, p. 1881. 
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» it was: presented as a hypothesis, 


has succeeded i in measur- 


there is little doubt about the hypothesis being 


a practical point of view, the principal between very fine 
sand and an equally fine sand- mica mixture is that the volume of voids in 


the former is always very - much smaller than that of the latter, provided both 
were deposited by identical geological "processes. Sa nd-mica ‘mixtures with: 


macroscopic grains and with a high percentage of mica have not yet been 


found in “Nature. The so- -called “micaceous sands” as a 1 rule contain only 'e 


very 8 small f fraction of mica by weight. | The micaceous | ‘appearance is due to 


the fact that a single se sand grain . weighs: twenty, or ‘more times that | of a mica 


4 


Mr. Whitet is inclined to doubt the validity of the writer's 8 

ming the effect of the depth of a foundation on the settlement for perfectly 
material. His doubts ‘are unquestionably based on what he has 
observed in actual practice; and, in actual practice, he has almost no chance 


to meg a materia] conforming with the condition of perfect lack of ‘cohesion. 


eit Mr. ‘White’s examples: of the general character of the settlement of whole 
bu ildings (Fig. 81)t leave little doubt that the centers of the outside 5 walls 
settled more than ‘the corners, but it is ‘still an open question “whether the 


-— eenters of | these buildings settled more than their perimeters. In order to. 
insure uniform settlements, some | engineers -in Texas” follow the practice of 


= the soil pagare for the outer footings 12 to 20% less than. those for 


to ip Oe 


the inner footings, their experience seems to confirm ‘the soundness of 
their practice. It should also be considered that the relation ‘between the 
_ amount. of settlement of the center aa of the perimeter of a building, , at equal — 


“soil pressure per unit of area may be very different, depending on the degree 
to which the ‘cohesion of the u dominates over internal friction. 
introductory remarks. of Mr. Simham’s discussion§ deserib exactly 


what the writer has been “driving at” for many years. The writer also’ con- 


eedes- that no laws can be derived from uncorrelated sets of experiments ; but, Ae 
the time, he seriously formula ean be derived to. 


wiry 
probletne, the writer ‘confines himself to what Mr Si ‘calls 


diagnosis of ev every faetor that influences ‘the ‘behavior o the soil”, and in doing 
* 80 he has almost invariably found that he must be satisfied with finding out to 


what extent his previous ‘applies to new cases. s. All the rules which 
he derived, / and very. like sly “all those which he will derive in the’ future, are 
merely to ‘be tools for use in this fundamentally important diagnosis. 


* Abstract by Charles C. B., in “Economic Geology,” 
¥49 Proceedings, Am. Soc. C. E., August, 1928, copers. and Discussions, p. 1833. nel 
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Equations (19): ‘to (2 
many | a mathematical: description ‘of what engineers may observe. 


ver, their value will depend on the « ‘degree to which Mr. Simham succeeds in 
_ s aking care of the sage factor, which is the stumbling block. in the path of — 
Mr. Marstont describes an example for the application of ‘soil, physics to 


t 
rminated, much progress has been. along similar lines by the work: per 
formed i in the writer’s laboratory. In pursuing this work, the thorough inves- 


- existing hydraulie- fill dam. proved to be of inestimable assistance and th e 
light on the disputed problems. (See, also, the writer’s’ comments | 


Shawt describes interesting ‘experiences with New Orleans 


- Since the internal friction of under-drained muck soils i is s extremely low, their — 


bearing capacity ‘depends’ essentially on their cohesion. _ At the same time, 


ttl 

open ditches. For soils of such a character. the rule: represented 


Curves C and C;, Fig. 50, has at least approximate validity. This. state- 
ment agrees with Mr. Shaw’s experiences. tad 
Furthermore, previously published theoretical investigations of the writer 


have led to ‘the following conclusions regarding the ultimate bearing 


to medium permeable and saturated silts and n muck soils. ! Select on the our 

of s suc ch a 2 soil two > equal areas and load both of theth: at a ‘different. time 

rate until failure occurs by an “out- -and-up” flow of the loaded soil. The 


at a higher load: per, unit 


which the load was rapidly applied. This” theoretical conclusion. is substa 


tiated by the : success of Mr, Shaw’ s method of levee construction by. successive | 
ESS) 


load application i is illustrated by “the writer's, s Fig. 4. Bis, 


M.S Shaw’ s observations concerning the between the effect on 


soils. and distributed loads. call attention. to. an impor 
depth. of foundation on 


application of wide thin, layers. . The. _compacting ef effect P 


ee toward : zero. | F or this case, 
@, be 
that the wider ‘the area ove er which ‘the load e is. 


load Dy» Po» etc. a at which ailure occurs. | 
the thickness of the soft layer is | very much smaller 1 than the width of the base 


of the fill (Fig. 52). ‘Th this case, the soft layer is “trapped” between the base = 


* Proceedings, Am. Soc. C. “E. August, 1928, Papers and Discussions, pp. 1885-1837. 
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! Peas The effect of the ‘flaring out ¢ of the load becomes still more conspicuous if f em 
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ow. Very ‘striking of the the the width: we 


fills and the depth of the loaded layer of soft material on the ultimate bearit ng 


capacity of the soil were observed by M r. V. R. Burton. * From his experiences — | 


with the construetion of fills on peat deposits i in ‘Michigan, Mr. Burton artived 
at the conclusion that in placing » a fill with a width ranging between 24 and 
0 ft. on the surface of a peat deposit, the character of the resulting subsi- 


dence was very different, for varying thicknesses of the deposit. If the: ‘thick- | 
‘ness was less than about 20 ft; the fill merely produced : a trough-like depression 7 
n the ang a - On the other h hand, if the thickness of the deposit exceeded 


the peat beneath the center line of the fill. of the 
“sudden subsidence of fille placed on soft muck soils: can be found i 1 in the report 


ed 


base for such soils on the circular q 


os 


UNDERGROUND DUE TO. WIDENING Sorr LAYER LOCATED BETWEEN 

FLARE OF TRAPEZOIDAL LOAD. OF FILL AND ToP SURFACE OF 


“Sha experiences furnish instructive examples: of the fact that the 


ed by theory can be depended. upon, ‘provided the assumptions 


conform reasonably well with ‘the conditions existing in Nature. 


if Tt was a grea pleasure to survey the valuable test rest ults presented by Mr. 
Wing. In to the loading tests the writer would consider the tests 


finished as soon as the settlement becomes equal to about one- >-fifth the diameter — 
of the loaded area. Beyond this limit the process of settlement “passes into 


aa of : penetration. ‘When making the tests oil-jacks are always preferable to 


- The writer uses as a criterion or br bearing ‘quality of sand deposits the a 
settlement under a a load of 500 Ib. per sq. ft, provided the loaded’ area ‘is. at 
least equal to1 sq. ft. - U Under such a unit load, a -well-compacted sand dey osit 


does not settle more than about 0.001 ft. The loosest deposit that ever came a 


| 


_ * “Fill Settlements in Peat Marshes,” by V. R. . Burton, Proceedings, Sixth Annual Meet- 
ing, Highway Research Board, 1926, pp. 93-113. Soe 
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on the report by Charles Terzaghi, M. Am. Soc, C. E. ,» are filed in the Carnegie Library, 

oc. 


, January 1929, » Papers: and Discussions, p. 


TERZAGHI ON THE SCIENCE OF FOUNDATIONS Pa 
4 ae. the load and the surf. ae 
thei 
e 
ing 
— 
leas 
— 
(8) ic WeUdis - LeCconica = ine ODSe, 
al 
Mr. 
— 
im 
] 
4 
— 


the water out: ake: test: pumping, ‘uncovers two vertical 


"sides of the pit, and makes the loading te test in a horizontal | direction, by insert- 
ings a | hydraulic jack between t two ‘bearing plates, applied to the sides of the pit. 


‘The bearing plates: should have a clearance, all around the rim, equal ‘to 


least twice the diameter of the plate. Experience has shown the results 
3 “of s such tests: differ but little from ios made on horizontal plates, and one is 


REA 


“sure that the loaded material is in an undisturbed state. oly 
“Ther results of mechbnical analysis should preferably be presented in graph: 
eal form with the grain size plotted on a logarithmic scale. + ‘The limits of 
- consistency of ‘the clay, quoted by Mr. Wing, remove any doubt concerning 
type of clay that he encountered. Experience | shown that, for natural 


clay deposits, both ‘the limits of consistency and the wakes content vary within 
a rather wide limits. * Therefore, it is advisable to perform these tests for each 
drill hole on sever al samples, Instead of determining the volume change asso- 


ciated 3 with a _ change of the. ‘moisture content, it is preferable to determine the 


patie limit (from dry ‘weight and from the volume of the aie ‘sample, 
assuming for the dried substance a specific gravity of 2.7 a 
; The settlement diagrani (Fig. 45), for ‘the. clay indicates that the loaded 
area was too big for the size of the test pit. ‘The: abnormal ‘shape of the 
> 
8 seems essentially to be due to ‘arching action within the clay, between, the bear- 
hs ing plate and the walls of the pit. Similar phenomena were observed by the 


es writer on a small scale, when loading clay specimens that were contained in a 


rigid box. _ The clay beneath the bearing plate “undoubtedly compacted, but 


. this fact alone does not ‘account fo the chavactaristics of the curve. _ The width 


a of the pit should be equal at least to five times the diameter of the loaded area. — 


Loading tests o: on both sands. and clays should always be made at least in 
duplicate on what appears to be the. stiffest and the ‘softest ‘spot. of the ‘ade 


TOR 
ground, _ The writer selects these spots after having - passed ¢ over the ground iz 


with a rod, The observations to be performed ¢ on the diversion dam|| 
are most, promising, particularly if the settlement observations extend over a 


longer period and, if, in addition, bench- marks are established on the unoceu- . 


pied. ground at a a distance equal to one-half the width of the structure. RS a 
ot In his very thorough and, able discussion, q Professor Krynine @ quotes ¢ cer 
State atements made by. ‘Dr. Ing. Koegler concernis 


“ment and si size area, , and finds them to » be a at variance © with those of the writer, 
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ral 1e: writer’s observation settled under th tha detest 
‘of | of in. From the character of the settlement 
ing the writer suspects that the to for the sand (Fig. 44) 
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cohesionless sand. » For this reason they conform Curves and C., Fig . 50 


For the same rea ason. they certainly do: not apply to soils in general, irrespective 


of ‘their physical characteristics, ‘Dr. Koegler’ statements 


for substéntiating: their validity. tig. te 
Professor Krynine’s in the computation of a raft 
ae the presence in ah ground of hard and soft spots is —— 


know distribution of the ‘soil for. q 


tions, and the of of the characteristics on thi 


to ‘the fact that Professor Krynine was not familiar with the details of the tests. ; 
The frictional resistance acting over the surface of the caissons was determined 
by undermining | the caissons and loading them until they slipped. The og 
loads quoted by the writer obviously represented the | minus the | reliev- 
Another “objection by Krynine concerns the shape of the curve 


‘‘whitth ‘epresents, the distribution of the soil reactions over the base of a loaded 
slab.t When the writer stated ‘that these curves have a parabolic shape, he 


obviously meant an approximately parabolic one. - At the rudimentary state of 
Se: ‘present knowledge a final st statement concerning this shape would be premature. A 
.In addition, the difference between the right and ‘left. sides of Fig. 40+ is so_ 


Ww vith the importance of the errors with Pr ofessor 


more important is the as to th e parabolic law 
ute 


nay not ‘lose its validity altogether if applied to | very cohesive soils. For ‘such > 
it soils the pressure distribution is apt to be ‘similar to that over the base of a 


which acts ‘on the plane surface of a “homogeneous, lastic solid. 


writer doubts seriously whether this ‘distribution. has any resemblance at all — 


‘Krynine’s comments} on Fig. are fully justified. ‘The writer 


agrees that ‘the two lines will be neither straight n nor ' parallel. - The reason he 

failed to show their true shape in the diagram wa was “simple enough. “He docs 


whe: 
‘The wi writer became interested i in 1 the subject of “entrapped « air” for the first 


time 1 when « certain inconsistencies were found to exist between the results of 
tests. on dried before testing and on others 


Am. Soc. C. E., , November, 1928, Papers and Discussions, p. 2506. 
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i OF FOUNDATIONS 
a sed by | the fact that those samples which were prepared by m 1ixing the drie 


_specimen with 1 water ‘contained a an appreciable. quantity of. air, while the others i 
“contained 1 practically 1 none. In order to determine the - importance of the influ-. 


ence of the air on the test results, Mr. 4 . Casagrande performed some tests in 
“the writer’s laboratory. Fig. shows a typical test result. One of the 


samples merely contained air and water. - The other was prepared from dry 
_ powder and, in addition, air was injected into the specimen | by a drop counter 
ine such quantities that its voids ratio increased by almost 50 per cent. 


NOTE:-| Difference of abscissas | 


of the two compression 
or Expansion Curves at} 
a given pressure corre- 
sponds to Volume occu- 
pied by Air expressed in 
\ Voids Ratio 


\ Rin wo 


with Entra r—t 
ay 
& 


1G. EFFECT OF AIR CONTENT ON ELASTIC PROPERTIES OF 
ak The most conspicuous | effect of the air content was the difference in shape_ 
of the time-c compression curves of the samples. . This i is caused by the fact that A 


the compression of the air takes place almost instantaneously ‘similar to the. ae 


compression. under pressure of the air bubble i ina -_spirit- -level, ‘while the. com- 
pression of the clay occurs gradually, according to the laws of consolidation 


ssion 


= 


they. are beneath ‘the zone of temporary desiccation, For this reason 


the writer did not consider it necessary to mention. the air factor in connection “ 
_ with th a paper on foundations. pid plays an important part merely in conne 


“tion with sub- grade studies for roads. The intermittent wetting of the sub 


hard surface roads occurs almost entirely by “capillary action, whereby 


> 


= 


content decreases | ‘with time. of ‘the samples tested. wae 
fine, reddish, micaceous dusts “effective? 0. 028; ‘uniformity coefficient, 3. 6; 
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i ee * “Relation between Permeability of Sands and Capillary Upward Movement of Wate 
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and cbefficient: of ‘pe 


Percentage saturation, or the ratio 


Time elapsed since water 
between total volume of water and 
centimeters, started to rise, in minutes. te total volume of voids. 


100 
487 


to the volume of ‘the voids of the clay y placed by. vile, ‘never 


this was the case, pile-driving would produce thorough compacting of q 


density of the clay | deposits practically unaltered. The writer’s 3 conception of 


the lubrication | of the pile is as follows: : In soft clays or silts. in which © 


the clay, whereas! the e writer emphasizedt the fact that pile- driving 


slight ¢ compression of the material next to’ the point of the pile. "The e volume 


permeability is considerably. greater tl than i stiff clays, | the blow produces 


volume ‘displaced. is caused by this small “quantity 


bet tween the soil and the surface of the pile.’ The absorption of the film dur- 
ing the period between driving and re- -driving is due to subsequent expansion | 


of the slightly compressed clay which surrounds the pile 19 This process of | 
absorption by no means requires (as Professor rynine assumes) the 


+ 


exclude the presence of air im ‘the: aay: allige Bo 


Professor Krynine emphasizes the “ot toward 


the “dry substance theory’ On account of this leaning, ‘Russian engineers 


seem to be inclined to speak ‘of the “bearing capacity. of soils” in general 
out due regard to their extremely manifold p physical ‘characteristics.’ This, a 


Teast, is the impression the writer has obtained from: ‘some recen nt Rin 
bests 


"publications this "More than a half century “ago, prominent 


French engineer expressed his experiences with earth slides in a | single § sentence | 
which may be translated: “The fear of frost and of clay narks: the beginning © 


trans f fre 
of wisdom”. Ina similar fashion the writer is inclined to summarize his” 


experiences in dealing» with the | bearing-capacity problem in the sentence: ¥ 


| * Proceedings, Am. Soc. .C. E., November, 1928, Papers and Discussions, p. 2511. 
Loo. cit., November, 1927, Papers and Discussions, p. 2281. 
t Proceedings, Am. Soc. C. E., November, 1928, Papers and Discussions, p. 2514. aE ait 


 § Brief abstract of chapter on ‘Bearing Capacity,” by Mr. N. Ivanoff, in Textbook on 
Soils Top. Russian Highway Research Bureau, Leningrad, 1926. 
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ning of wisdom i in foundation engineering”. Since the permeability factor 
represents by far the most obstinate stumbling block in the path of any attempt. 
o bridge the gap between small-scale tests with clays and actual foundation 
practice, th the writer cannot help regarding ‘ ‘dry theories” of soil behavior with 
deep distrust. The history of. pile formulas should serve as a solemn warning. 
git Professor _Enger’s valuable contribution* calls attention to the great diffi- 


culty of “measuring the stresses that act within the loaded earth. 


the results of measurements made by U.S. Bureau of Public Roads 


to learn about the properties of the ; pressure cells. 
formulas | of Boussinesq for determining the pressure distribution in 
the soil beneath loaded ereas are at least approximately valid, provided the id 
does not exceed a certain fraction of the ultimate bearing capacity of the 


soil. expressing the difference which, the theoretical 


| 
The objection. of the use of material does 
not seem to be quite justified. | ; In the example which he cites,§ the compact- 


‘ing of, the clay. -_performied the capillary pressure ata ‘time when the 


¢ 


— 


small fraction of the quantity of water which it previously 


can, be reproduced very easily in the laboratory by first ‘compacting the clay” 
under external or capillary pressure (applying the pressure under water’ or 
"exposing the surface of the clay to 1 the air) and then allowing it. to expan 


th Nature one even encounters layers of very beneath the bottom 
ons of lakes, between layers consisting of the ‘same material in a very soft state. 


of these ‘fossil crusts” is as a. period when the 


date, the surface of the older deposit was. flooded, anda new y soft clay deposit 


was formed on top of it, Due to the very sary volume of the 


deposit partly dried out, (compression due to 


Am, Soc. C. E., January, 1929, Papers p. 91 
“Ueber Tragfihigkeit von Pandechittungen,” Bautechnik, 1927. sai 

Proceedings, Am. Soc. C. E., January, 1929, Papers and Discussions, p. 93. 
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eal “To recognize the full importance of the permeability factor marks the begin-_ ae a 
— 
be the Goldbeck pressure cells dO not seem to be any more reliable than the pres- = ° | 
— 
the 4 
val 
ver — 
48}), will render valuable service. The most important problem that remains = 
of. to be solved concerns the effect of the soil characteristics on the distribution 
the 
of 
the 
— 
uy — 
— 
i 
8 
ian — 
ent instance, the re-saturation or,swelling curves in Fig. 53), 
Since the paper was published, much headway has been made in developing 
tie | methods for securing undisturbed samples of clay.{ Tests are being ee 
his 
is 
ce: 
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ing tests. made small scale on cla, in his laboratory, 


and 9:00 a. M., the 9 700 a. M. to. 5:00 Pp. M. section 
than the 5:00 to 9:00 sections. The cause of this phenomenon was 


‘found to be that between 9: :00 A. and 5: :00 PM the different n motors located 
in Massachuse 

“at The by Mr. J will if they 
are made in triplicate, using identical bearing plates, resting on identical clay 
water mixtures, so that one of the bearing plates consists of cast iron (imper- — 


4 

‘meable), one of concrete (medium permeable), and ¢ one of concrete separated 

from the clay by a a sheet of filter paper and a thin layer of sand (permeable). — 
Phe diameter of the bearing plates” should n not be more than one- -fifth that 


f the container. The exposed surface the clay should | be covered with 
rubber she 


measured with delicate detect the difference in the 


speed of settlement of the three plates. During the tests, the load should 


and should be « equal to the pressure required to ‘produce an 
nitial settlement wn the cast-iron bearing plate equal to about 0.05 or 0.1. 


diameter. In each of the t three be 


The procedure by Mr. Jorgensen for load- moisture tests is practi: 
“ally of the writer. _ Since the of the Te- 


conclusion, the writer wishes to express his gratitude to the diseussors 


for the valuable contributions. The gaps in the presentation of the | subject — 
a re still numerous. Y et, the arguments foeth’ offered | a 


the of the readers. and sashes 
the The results of the discussion n may | be as 


—The Engineering News Formula received all the comment it 
and few engineers seem to be willing to defend it. 
attitude of the “diferent engineers toward the write theoretical 
resent was far less it lea th. 
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‘muck; -and Wing, with s sand and gravel). Without exception, all the 1e examples 
which were quoted as arguments against the validity of the writer’ a “ 

under load proceeds 1 very slowly. footings or raft foundations ‘require 
“decades | or even hundreds of years for complete s ‘settlement, while the Leese 


referred to clays s. The reason thereof i is obvious . The compression 0 clay 


tions on which the arguments were based covered, at the very best, a period 


couple of y years of the settlement records. other words, the, bill for 
the excessive loading of a sand or silt foundation should be paid 


“delay: by ‘the first generation, while that for treating the elay in a 


- manner should charged against the second or third | generation 4 SF. 
amazing to realize that the Engineering Profession is facing the 


problem 1 of “progressive subsidence clay foundations in almo 


of the globe, and yet is still completely ignoring the time e element when it 


approaching the settlement problem from the theoretical ‘point 


. Tf the berger had not brought f forth anything but striking i 
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This Society 


avinn tuods — 


a. 


L W. M. ‘Am. Soc. {—There is ‘that 


writer can 2 add to the discussion Colonel -Junkersfeld emphasizes 


value and imperative necessity of a viewpoint. His composite 


(Table 16) showing a range of costs vu under widely ‘varying conditions, gives 


a “bird’s-eye view” of the situation “much more compactly than any of the 


holatied cases ‘presented. by the writer. = It confirms the opinion that the civil | 
engineer has 3 as much incentive : as any ‘other type of engineer to expand his 


control of facts, economics, and numan engineering ‘into the | broad field of the 
administrator and originator of power enterprises. 


Orrok** draws entertainingly, as always, on his great bond of e pe- 


‘dependence of modern | 1 upon well- rounded and b 


use of modern specialties. The evolution o of the compact, un 
tt impressive, , but powerful steam turbine unit from the awe-inspiring recipro 


cating engine used in 1910 is one of the ‘most fascinating accomplishments o of 

an age of wonders. _ The mechanical accomplishment is as wonderful as the 

constant ¢ encroachment of added efficiencies upon 1 the waste factor 


an 
In the list of economics cited by Mr. -Orrok it is a comfort to call 

tion to improvements: in n building methods, such as it increased | | spans, ‘increased Ae 
‘7 * Discussion of the paper by I. W. McConnell, M. Am. Soc. a meat E., continued from osu, 

t Vice-Pres., Dwight Robinson & alge also, 


§ Received by ae Secretary, February 43, 1929. 
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heights, hter 


* and ‘Scheidenhelm+ contribute p rtinent comment as to 


a anifest. of civil engineering features in hydro- electric 


the 


of command ‘where ‘fnal “decisions as to great enterprises” are made. 


tasks of engineering, On the other hand, however, some enterprises would. nil 


be injured _ they had to respond more faithfully to the common sense | 


ae hich the successful ¢ engineer must cultivate. Perhaps a continuity 


: éngineering direction through all the years, would have kept the plans « of 


1 De Couvrier in Mr. Sargent’s illustration,$ constantly in the | 


to the end that and misleading reports: of investi- 


ught about actual construction and 


oc. cit., 1928, Papers and _ Discussions, D. 1918. 
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2 is not for : any statement made or opinion expressed 


3 


E. E letter). §—Mr. ‘Simham 
mathematical of mixed sediments i is 

tagenioes and the results are in remarkable accord with the facts. _ The writer 

further on the basis of-1 Mr. Simham’s and 


he curve of change i in voids-ratio under a given pressure, plotted against mica 


content, lies below Mr. Simham’ 8 theoretical line i in the lower region, v 


e 


i — only by a1 an n elaborate ‘series ‘of experiments. 3 


It is the writer’s opinion that Mr. Simham’s computations 3 will be ee of 


. practical. value. only for estimating the magnitude of the ‘quantities i involved 


before > performing tests on ‘artificial mixtures in the laboratory. _ it were pos- 


sible to perform, ¢ ona natural soil, an accurate mechanical analysis which would 


conceivable that be > computed from 
such an analysis by an extension of Mr. Simham’s method ; but it is much | 


‘simpler and more accurate to measure the compressibility | of the soil directly 
Mr. Rubey{ attacks | the problem from an unusual angle, that of specific 

‘internal surface, _ ‘The writer is not in agreement with this theory, for two" 


‘reasons: First, it is difficult to. conceive re of the existence of “cushion-like 
madd of sufficient. thickness to cause the high 1 compressibilities observed i in the 
_ tests ; and, , second, Mr. Rubey’ 8 hypothesis necessarily involves the conclusion 
* Discussion of the peat by Glennon Gilboy, Jun, Am. So E., fron 
_fovemper, 1928, Proceeding 


¢g Research Associate, Dept. of Civ. Eng., Mass. Inst. Cambridge, Mass. 
§ Received by the Secretary, February 25, 1929. 
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_ These facts indicate that Mr. Simham’s assumption vat 
.__Its accuracy can bedeter- jg. 
4 
— 
— 
— 
= 
alta: 
August, 1928, Papers and Discussions, p. 1933. 


ry fe and widely differing compressibilities. ‘In other words, if if Sand A is composed. 


of grains 0.1 mm. in diameter and Sand B of grains 1 mom. in diameter Sand 
A should have a voids-ratio, in a given sta 


ts Sand Bi in the same state, and ten times the compressibility, since Sand 4 has — 


times the specific surface of Sand B. This is obviously untrue. 
Rubey’ straight- line relations between sp specific surface and volume 


however, that this i is one > of the instances ‘commonly encountered i in n which a an 


the writer has already alluded to his opinion that. ‘the mica flakes ‘bend 


like tiny beams, 80° o that an on the ordinary beam theory may, 


Consider a series of simple rectangular beams, of vowing but of 
similar Proportions; that is, length, l; ; depth, dl ; and, breadth, , bl; l being 
Assume all the beams to have the same 


same 


The maximum of any ‘beam of this series will be which, 


Ci isa that on the load ‘distribution. The value of is 


all the a Ky the deflection is,—! 


MOU ? 


This ‘shows that both deflection ‘and specific ‘surface of the 
siow ti bh. .violemoues dt oi pre ‘OT 


of beams under consideration are inversely proportional to length. A graph of 
deflection’ against specific surface, therefore, will be a straight line; but one 


would scarcely be justified in the conclusion that the deflection of ‘a 


Mr r, Feld+ is a quite ‘justified in ‘surmising g that experiments on minerals 


other thei those actually used would probably g give somewhat different results. é 


The writer was merely endeavoring to show ‘the general nature of the effect of 
_seale-like ‘particles, and was not especially interested i in detailed variations. is 


ee The writer regrets that he gave the | impression n of attempting to deduce 

‘of buildings on ‘the basis of 1 mica ‘content alone. “The 

intention was to illustrate in a simple manner the probability of m aking 


serious errors in settlement calculations based ‘on indirect evidence and ‘unsup- 
ported by direct physical tests of the soil il properties vhic ch overn the rate and 
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fs. Fad claim “has erred ‘somewhat in stating 


of colloidal size have properties: ‘different from materials 


z containing particles o of larger size * hae . If If this statement | had been | 


; made, it ‘would have been an error ; bit 3 no such statement appears in the > paper. 
Feld a also states* that has erred * * * 


- ment that ‘the scale-like grains ‘should be accorded a major consideration in 
"ideas 0 of soil behavior”. The > experiments show very definitely that the pres- 
ence or absence o ne ‘compressibility | ofa 


soil; and the writer believes that any factor which has such a marked effect on 


such an important property is necessarily entitled to careful considerat on. 
The writer is of the opinion that Professor -Krynine’s statement} 
“there is no no analogy between soil: and other engineering 1 materials”, is some- 


_ what too strong. ye It is true that. ‘soils behave in a manner different fron 


other « construction ; but it is also true that many of the theories 


a appl cable to solid bodies, such as the theory « of rupture, stress distribution, etc., 
; 


ie are to a a great extent t applicable to soils a as well. L T he time element, in a pa tic 


5 
are are of the many "dynamic phenomena which are of 


importance in the study of materials of engineering. 
#5 


_ The writer agrees with Professor Krynine that ‘there i is | danger of ‘error. in 

pplying too rigidly the ‘results of ‘experiments with macroscopic ‘particles to 


materials consisting of microscopic grains. Such ha rigid a application was not 
intended to follow from these “researches. the other chand, Professor 
rynine’ s ers, that “the experiments seem to have failed in n attaining 


1eir + object” » is not correct. - The object, it is true, was. very ‘modest, namely 
‘to demonstrate that the presence | or absence of mica in a soil has a marked 
fect on its com ressibility celasticit and density. That obj ect hes SS, 


Since the researches were terminated, 
8. 


clay particles : are ‘seale-like; and (3) the results reported by Professor + M 


of detailed investigations on a great many Norwegian clays, 


that a a large proportion of the particles « comprising these natural clay: 


are scale- -like, particularly ix in the finer fr fractions. 


_ The writer feels that these results tend ‘to > add weight to his original con- 

tention that the presence of flat particles is chiefly responsible for the high 


oids-ratios and high compressibility of fine-grained soil DAC a 


ka Proceedings, Am. Soc. C. E., October, sone. Papers and Discussions, p. 2358. 
+ Loc. cit., 1928, P. 2543, 


Ceramic Soc., Vol. 9, 1926 


| “Elementary Proot of Shale-Likeness of Clay Particles,” Public Roads, January, 192 


‘Unders¢kelse Over Lersedimenter,” Beretning om Nordiske Jordbrugsforskeres Kon- 


a gres i Oslo, 1926. (A review of this paper by Charles Terzaghi, M. Am. Soc. C. B. —— , 
in Economt Geology, June-July, 1928.) 
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This not responsible for. any statement sade or opinio resse 


in its publications. BO A 
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for an extended period would possibly indicate that the question raised has real 
and. timely interest. Generally this has been admitted by the discussors. | ‘The 
purpose and also the contents of the paper have been commented on with 


“paper } has been very that x 1s discussions have been submitted, 


3 
approval, and whatever criticism: been submitted has been ‘searching and 


onstructive. of it has gone beyond the scope of the ; paper, but 
has b been nevertheless. _ Thus, from two impulses, there have 


a 


s bee 


was omitted from the original p paper. ¥ ‘The question might be raised, “however, 


a very complete paper on the subject would ‘not have been an unfortunat pie 
Tt would have redu ced ‘the opportunity of supplementary con- 
tributions from interested engineers, but even worse than that » it would | have Pe 


“entered into the 1 more general field of stresses and strains in elastic frames, 


‘It was the purpose of the paper— —unfortunately it seems to have been insuf- 


: ficiently emphasized—to reduce to easily workable form some of the v very com- e zt 


plicated ‘combinations of formulas for continuous beams, that ‘reagonably 

correct moment factors” might ‘be quickly ascertained ‘for the 

Pe tha aps given were presented in a manner hich 

to contradict ‘the purpose of reed i in execution _By neg ecting variabili ity of 
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CONTINUOUS BEAMS OVER THREE SPAN 
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 imformation 1 \ 
n regard to simplined designs of continuou 
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“ent 


: Toa the sili of each moment factor may be summed up : 


in ‘most: cases, , would be warranted either by fact o a very, close approxima- 
ion. The examples: should be left as shown, Semen, because they give very 


and that is essential for simple cases of continuity 

cases with most extensive 


MES 


Table 13, ‘would possibly serve ple’ 1. 
ABLE 13.—Form For C joMPUTATION OF Moments. 


OTAL OMENTS., 


small error occurs, for the support moment only, and this ‘is due to 


“lies the live load at 60 Ib. instead of 80 Ib. for the center s span. = The error is 


Rapid pencil notations obviously are ‘with ‘the multiplications 
done’ by slide rule. The simplest problems ‘be solved in less than 
min. and the more complicated i in less than 10 min. 
Pats It! has b come necessary to emphasize the simplicity and the time element, "sai 


because so many | simplified “methods” have been Suggested in “the ‘discussion. the 
i These aré all excellent, and will be ‘Patidre to in ‘the ‘proper place, but they mt he 
erally fail to take the final step of producing directly applicable moment 


factors. © ‘While there must be problems which r require a great deal of care ‘and 
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cottespotiding amount of “because they are “complicated by ‘supple 
mentary restraints and variabilities, ‘the majority of cases should be, ‘are 

elementary enough to be ‘solved by exceedingly rapid methods. Anything less 


than this would merely ‘induce, as it has in the - past, a great amount of rough 
approximations with, corresponding inaccuracies. This i is an ergonomic prob: 


lem if the cost of designing ‘should run too a: it will be turned into a ode 


This is not discounting the many excellent contributions are 


‘supp lementary nat ure. . They are truly ‘supplementary, because they how 


he problems s should be solved when they fall beyond the scope of the paper. 
‘Indeed it is ‘difficult to imagine a a more graceful, ingenious, and. efficient 


method than ‘that tof Hardy Am. Soe. or the equally ingenious 


one bj yG 


fulness. Professor Cross’ “method contains a very” slight approximation, but. 


y valuable ti time-sa 
+The 
Professor, method is especially recommended or all” cases of 
inuity, that are not: soluble, or should not be solved by means of | 
pon factors. Professor Beggs’ method requires | a set of i 


the manipulation of celluloid “models. oe ‘With the complete e equipment at hand 


its usefulness would be unlimited. 


duced by Parcel,t but while this acknowledgment is 


gratitude for the reference and admiration for the methods, ‘it is 


a text for j junior students. It that the know that 


- there were additional - restraints; it also assumed that he would know when the _ 
use of the simplified formulas and tables would not be permissible. If the 


writer took this knowledge for granted erroneously, it has been made very 


clear by the discussion that there are limits beyond which the formulas | and 


soon as one | has t to deal with more than three spans, additional 


eesiinliile from supporting or supported e elements, all possibilities for conside 


Fortunately, however, the vast majority of are of 


‘spans and 9 are freely or almost freely supported. The tables and formulas in 


the paper are, therefore, elasticity to those engineers—and t their 


solution of those that: confront them 


Available in mimeographed copies for the students of the Univ. of Illinoi 
+ Proceedings, Am. Soc. C. E., wenrwere 1929, Papers and Discussions, p. 4 
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ey From another point of view it, stan ds out with compelling g clarity that the 


one thousand and one (more | or less) mathematical ‘masterpieces analyzing — 
stress and strain’ in 1 elastic frames have had the practical effect of beclouding 2 


the elementary issues and setting up—instead of desired simplicity and accuracy 2 


—es chimera of faith, hope, and fantasy, which, unfortunately, has been set in 
a golden frame by committees: of authorities a nd experts. “This evil is interna- 


From this viewpoint ‘the method introduced by Professor is particu. 


larly significant. - From the mass of formulas that are always necessary he has 
“extracted all the essential factors and eliminated others which have 


“cant effects o on “the result — tend to confuse the designer in his 
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PAPERS. AND DISCUSSIONS 


This So ciety no not for ‘any ‘or opinion expr 


IVALUATION N OF WATER RIGHTS” 


Joun E. Frevp,f M. Am. Soo. C. E. (by letter).g—The writer regrets that 
he discussors have interpreted the purpose and scope of the paper as being 
much broader than was intended. There was, no thought of discussing water- 
right v values in the humid region, but in the « semi- -arid West, where the riparian 
doctrine had been abrogated and the water was’ subject to appropriation for 
‘ah 


eneficial ‘purposes, and | where because the supply was less than the demand, a 

Me J acobs||_ concludes that water rights should be included in appraisals 
and the v writer agrees with him. _ While in theory the water : may belong ~~. 


the State or the public, the right to its use is isa Property. right. The carrier 


— 


Patties 


“Wea If the water right | has been acquired by purchase there can be no question 

by of the propriety of including it: in an appraisal. . In places \ where it has been 
filed upon for the use of others (as in a municipal water system belonging to a 
_ public. service company), it is sometimes contended that, since it belongs to 
users—the citizens—such a right should not be included in an appraisal 


of the: company’s property; but, in Colorado, the Courts have held that it 
bo included the company has ‘the ight of carriage. After the 


determined, the city cannot change the point of diversion to its own  dis- 


ruling, mentioned’ the yalue is listed under ‘ ‘carriage right”, instead of 


right” and the final result i is little changed. 
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ning to ‘empounded, it in 


foot private property. that is carried through tunnels or otherwise 


from: one water-shed_ to o another (as is permitted under the decision of F the 


‘Supreme Court i in a the ca case of Wyoming vs. Colorado), so under control 
+ 

0, is in. effect: ‘Engineers may safely’ assum e the 


ere appears, to be one fundamental difference between and 


7 most of the discussors in the co conception of a water ‘right. Isa a water right : a 
tangible or a an intangible thing? Sf it is tangible, then all comment, of its | 


shown by both Mr. Grunsky* and Mr. J acobs, disappears. he Appraisal of 


water-right values’ would. ‘much simplified if instead of using 

“water right”, one used the word, “water” only, 

és The right to use water is tantamount to its ownership; it should ie treated 


as a physical thing with a value to be established the same as for the physical 
plant. Often the desire is to obtain the actual benefit derived and the actual 


_ value to the owner and such value continues until | abandonment, which is not 
to be contemplated as a possibility in most cases any more than the abandon- 
ment of the physical works. For example, in Colorado, many smelters and 
mills which used water for cooling and other purposes, were abandoned. | The 
Eh i of the | physical plant then became nil while ‘the: value of the ‘right to 
fe he: use of the water remained almost undiminished. ~ It could be transferred 
and used elsewhere for similar, or under certain conditions, ‘quite different 


ia 
purposes. Abandonment through non-use ‘is the only” way the right i is lost 


tories furnish another example of the permanence of value of ‘a water 


In the case of had an 1 appraisal been, made 


had the water been considered as merely a for 
that reason a small value was given it, then it would seem that the appraisal 
tke have taken possible abandonment into account, 
- for even then the possibility of the demonetization of silver was under dis- 
cussion. The abandonment of the water right or its forfeiture or ‘cancella- 
tion was, in fact, less probable abandonment of the physical plant. 
The writer's. suggestion is that the appraiser get at the trath—the real 


value—first, and then, as far as the necessities of Court decisions require, ‘alter 


j the nomenclature and form of the appraisal to conform to precedent and let the 


In regions where water is 0 thoroughly i in — control of of the saad as it is 
sferred, a nd ; its use extended 
at is owned rathe 


engineers have discussed ‘ “rights? in nan academic way, i in 1 the anal yses 


. a they, too, have treated it as a physical ema > In States where the ? doctrine 
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» and water 0 


makes the right a very ponderable thing The act of ‘appropriation’ 
ficial use and compliance with the regulations pertaining thereto result in 


-Temoving the ownership from the public t to the individual and only the sever 
sion right remains in the ‘public. Rights-of- -way deeds and grants for rail- 
roads generally contain a reversion clause ‘and the value of the right of way 
is allowed i in appraisals to the full extent it of actual use and necessity, and the 


value i is based on that of f similar land i in the vicinity. . The right of way and 
the water r right i in these reversion features are similar. 


mad propriety of including an indebtedness: of $600 000 the of the 


determined by taking ithe: valde of a share ‘multiplying by” 


| number of shares, was $6 000 000, and ‘this was verified by ‘the President’ of 
the ‘Company who also informed the appraiser that there v abi eae indebtedness _ 

| of $600,000 which was being paid o gradually by assessments on the | 8 ares. 
The total value when the bavi paid, in theory at least, would be $600 000 


more than it was before. ‘belt Go offs it vino 


_ More details of the method by y which ‘the $2 000 000 value of 1 ‘the shysidal 
plant was obtained have been 1 requested. There was available the original | cost 
of the work, including interest during construction, engineering, rights of way, 


etc. oe Relative costs of labor and material as of date of construction and of 


4 
appraisal ‘were ascertained. psy An examination on the ground was made; ‘the 

cost of the n new structures which had replaced the old ones was ascertained ; : and . 


a value was added by reason of the seasoning of the canal, ai tal Gh Seated 
ination of repairs and upkeep during the first ‘years of ‘operation. Indeed, in 


this ease, the cost of maintenance was at hand for each year since the canal 


was | built. F rom all these i items the cost of replacement ‘was obtained, a small 


‘sum m was added as value of assemblage, ringing the amount to 
$2 000 000. It was ‘not the Fort Lyon Canal that was being appraised. os The 


appraisal was not ar rate- fixing case, nor one to be reviewed by : any Court. Its 
purpose was. to ‘ascertain: the value of the many water rights of the 
as nearly as possible ; and approximately correct as a whole rather than as to 


the» water-right values of three canals ‘(the ‘Fort Lyon ‘end 


om others) were taken and these were selected for their's simplicity of ¢ owne 
ship, capitalization, stability 0 of stock values, success 1n operation, | conservatism 


and in improving the character of structures, 


and the value of a ‘number of water rights: of wis 
obtained and plotted in Fig. 1. + With this curve the probable value of any oat 
priority in the same water- shed could be ‘ ‘picked ot “ and w ith this oar re 
| value as a base from which to work, the values of the numerous canals, pipe 


lines, ‘domestic eupplice, in the appraisal, were determined: 
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- probable value was hanged: as 


locality, abundance or scarcity of. water, supply. and ete. In 
ry fact, the major part of the work of appraisal was not in determining the base 
“curve, but in applying needed corrections. T The base curve was valuable, 


enabling c one to show a consistency in results, or good reasons for, 4 an apparent : 


Mr, Jacobs factors ‘that have a on water- 


and Colorado to water ‘being attached to tthe: 
“Wyoming, water may not be transferred and through more economical use, 


it: may not be made to cover a greater area than the» permit shows. Except as ; 


_ noted later the title to water goes with the land; its use is comparatively 


rigid and. inflexible. In Colorado, on the other hand, its locus of use may | 


Shaner ¢ even to diverting it into another canal. It may be made to cover a 


greater area : and, therefore, it is an article which may be sold, the value “<a 


during all but ‘most severe may be 


temporarily stored to be used later. in the season 1. These. extra privileges. shave 


In States that operate under the Wyoming Code, or modifications 


Bis the separating of the water values and land values is not ; generally necessary ; : 
the water right must be be specifically named in in the deed to the | 


land if the intention is to let it go with th the land. ban Qo | 


_ The writer approves of F ‘actors to inclusive, with the supple- 


comments by. ‘Mr. J acobs. As to Factors” (h) and (i), ‘it might be 
added tl that agricultural uses furnish the alternatives for a domestic supply, — 
and agricultural values influence strongly, if they do not. actually fix, the 


value of a a domestic supply. Vestce, (j) appears to be. highly improper when = 
the object of the appraisal is rate e fixing. ¥ It would. not be proper, except for 


a! tone 
purposes of comparison, with other ‘methods, w when could be found 


‘Mr. J Jac 


ever amount was paid for works that were or. 


was, to of the water or water right.” 
as 


far a as the. pu 
for the water right The seller doubtless. of the. old 


‘works i in estimating for what he could afford to sell; but the water right was the 


Sine to the purchaser, sO that, in appraising the mew works, 
water right to the new system of necessity includes. the e seller’s f 


ab ' Proceedings, Am. Soc. C. E., September, 1928, Papers and sities 2158-2159. . 
4 Loc. cit., April, Papers and Discussions, p, 1071. 
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Tt seems that several discussors have confused the value of water stoc : orl 
hares in a a corporation ‘and the value of a water Tight: as used by the writer. 


Rare. 


‘The fist is the value of shares as shown by numerous sales over a period of 
years. It is the market value of the shares. The second is the value which 


js paid for water without physical works and for ¥ water to be ransferred to 
‘some other system. pt It is the value of a surplus supply owned: by some one ¥ 
anxious to sell, and which he om no longer use with reasonable profit; it isa 


‘ight which, from some cause, he i is compelled to sell, “possibly from 


danger ‘of abandonment and of forfeit ; 3 possibly the price is greater ‘than 


nature of his own lands and ¢: crops justify him i in holding. ‘yo 4, 
Mr. J acobs: states “As applied t to private industry, the logie of capitaliz- 


ing excess net earnings as a basis for determining water-r right values: can 


questioned.” Such method ‘may be logical, but it might be 


"ternative supplies, “and the values i similar | ‘and conditions, 


there is no power of rate fixing, ‘then a of ‘necessity might be 
ed, not as ‘really fixing the value, but as ‘an element in guiding the judg- 


"ment toward a reasonable valuation. I Instead of raising the» value of the ‘water 
right beyond . a reasonable > figure, a large interest return on the investment as * 
should be shown. OF, ast dort byats 


filing of almost efficiency could have been The net earn 
ings of the mill, through the use of the water, were | enormously increased, 


making successful competition possible; but the value. of the water right. in 

The e writer a agrees with Mr. J acobs* that “ “no ‘single n method of valuation oe 
can rigidly applied In all cases all possible methods ‘should b 
their importance and applicability should be weighted, and the final 
eonelusion determined i in accordance with the appraiser’ 8 judgment. 

ih a number of the ‘discussions the writer’s statement} that ‘ stored water” 


ele e 


cS little more value than “ “on nstored water” has been criticized. The writer — 


should have s ‘said that “water available for storage” has little more value tha 
- that available for direct diversion and use of the same date of ] priority. Much 
stored water is sold year by year in Colorado, not always to the same user, 
but to any one who has need « of it.* The price is fixed by the supply and demand Set 


at the time of sale. Int a year of latge flow, it has little value. y Generally, the 
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a years, 8, while the purchaser 


“fandling and avoidance of waste, or r by. the construction, of additional storage 
- facilities. | Such cost at the time of construction is s almost. the full value of 
or nothing as the value the water right. The 


it is recognized that their water rights have substan- 
tial values *”.... He does not s state whether such’ utilities have mortgages, 
Be ey or other debts outstanding. ot If there i is indebtedness then it should be 

added to the stock value as the writer did in the Fort Lyons caset and, by the 


method proposed, it mig might be found that the water right had a value. ue. There are 


a total tinal value equal to that of their appraised esis 


delivered, » as in ‘some the ‘reclamation | projects. ii! This excess, of cost | over 


project should not be ‘taken. as for or 
other projects. — On the other | hand, if a a project, s such as this, is being appraised 
‘then th the method proposed i in n the paper appears to. be eminently suitable. The 

values of t the water right would be determined by examining other projects, 
these need not to private, » municipally 


Mr. Tibbetts would show ‘that the investment in was too great 
for the obtainable revenue and also the amount of the excess. 


Mr. Tibbetts” states* that, “if he were to purchase ‘of 


stock * he would first appraise the physical broperties’ and water 
“right That is e exactly what ¢ the writer proposed. ‘He ‘ascertained | 


the values in other ‘projects and applied those values to the properties being 


Mr. “sees no reason why. the value bat for d th pur 


wens Valley) at agricultural prices, 


that there i no practical limit to. what : a city, can afford 1 to pay. Tibbetts 


n this: connection cites. Southern Oalifornia. Tf agriculture by irrigation in 


Southern California should absolutely cease, there would be no need to bring 


water from great distances for domestic use, and the demand for such use 


would dwindle with the dwindlin, ulation. 

{+ Proceedings, Am. 28, ‘September, 
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under “Land Increment Value”,* 


bonus to the: land owner should be included : in “land increment 


value”. J At. this time in particular it is necessary at least to. hold out ‘the hope a 
to the man who takes a raw piece of land and develops it into a going concer 
that he will receive a substantial advance in the land value over and @ above 
“gost. and labor. It i is the task of determining the size of this bonus that ; makes ; 


increment value. difficult as a basis for determining water values ‘and 
ponent of allocating | the difference in value of adjacent ‘unirrigated land and 


the irrigated land, to the land, the: water,. ‘and: the bonus. Hedket calls 


Ih ‘Fig. 2,4. Mr, Tibbetts shows the average yield and an assumed | 


demand, It should. be reco, nized that ‘the yield curve determines in large 


chane the, Pecans, | given n yield curve the adjuste 


‘to the yield curve. 


is almost invariably true that the yield and demand curves are similar, the 


3 difference being more in position than. shape, because the demand curve 1 


later in point of time, The construction of reservoirs ‘the means generally 


“used to make the demand curve the supply curve more nearly 


Referring to Mr. Scoby’ discussion§ it is. well recognized that: shares, 


stock, rights, and even, measurements of water, such as the ‘inch, vary widely 


in ‘meaning. To avoid confusion, the writer adopted yolume delivered: as the 


_ measure and he thought: lie had. avoided the ne necessity of using the variable 


of an ir irrigation season adopting the full year as 


retical “Maximum. “The use of the full year ‘could not have be ‘been avoided 
because many of the ‘Tights to be appraised are used for 365 days. 
irrigation season, been adopted, such as. 180 it would have 


to some | of the ad 


> 


© hos ht Hedke -states|| t that “it is natural that Mr. Field * * * should. 


open an unsettled subject: without ever mentioning ow nership. The 


oY riter admits also to -complacently : assuming that values of w ater rights should ? 
be included in appraisals, that they have value, that the user to all intents — 


owns the water, ai and that they are susceptible of appraisal bed fairly | "ag 


simple i in principle, but difficult in application. OR aera 
ois Mr. Grunsky states]. that. efforts tof find a simple, ‘generally 


will be in vain, the main difficulty peing i in allocating ‘the. ‘intangible 


values to ‘the individual elements. This is true; all appraisals are difficult, 
but they are based. fundamentally. 1 the physical plant which can be 2 appraised 


j To the = h be 

‘in a rational way. To the writer a water right appears to be a physical 
3 


element, a tangible and not-an intangible thing, 
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iscusses ‘methods: of of appraisal and the 

Court thereon. He st states that the method proposed in the paper ig 
unsound because it is not a generally accepted method. - Any method, however 
new, untried, or even revolutionary, ‘if ‘it is reasonable, and is evolved in a 
Z rational: way, will doubtless be accepted by the Courts. It is the iy Ava the 
appraisal to use a rational method regardless | of other and ‘ ‘generally 


s. The Courts have modified, nd ‘even reversed. 


he to be good. Tr 
other methods for wih. guidance to final conclusions, is 


That engineer is wise w 10 studies Court decisions. topes them he ‘obtains: 


ideas and “food for thought”; he finds methods analyzed and learns the r reasons 


for using them ; ‘they aid him in developing the jue etsitade; ; but to say 


he is bound by ‘such decisions—that | he must accept ‘them as final—would be | 
stop ‘progress in the evolution toward better ‘methods. ody 


Mr. Stivers has given an interesting account of an appraisal of a water 


: right owned by ‘a railroad company in New Mexico, and has used a rational 
- method for its determination. — When based, as it ‘ig, ¢ on an assumed duty ‘of 
water and on a stated difference i in land values before and after the land was” 


Pca of water, the method is correct. The analysis of the result is on- 


fined to the correctness of the determination of the duty of water and « of the ‘4 


ams It seems that the value of the non- irrigation season flow should have en | : 
specifically determined by ascertaining the cost of storage for ‘agricultural 


purposes, and whether or not such an “expense was justified. 1 Deductions in 


the quantity stored, by 3 reason of evaporation, seepage, ‘and other losses, should 


be made, and the availability of land and its return in -erop value should be 


studied. The amount: for which the railroad company could have sold the 


water to some » other ‘users, and what those users could afford to ‘pay, ‘would ; 


fix the ne value of the winter flow more certainly than if based on the value 
of ‘the irrigation season supply as was done by “Mz. Stivers. _ if this estimated | 
sale price of the stored water exceeded a reasonable return on the investment 


plus the cost of maintenance and “operation then the winter flow would have 
| value, and the ‘amount of the excess earnings gs would be the ast that 


== 


ih au to the > temporary use of ‘the watbis Mr. Stivers states that the 
farm operations of the railroad do not pay. If the same result should ‘obtain 
under management by others (farming undertaken by a corporation as 


a ‘side line, , and as a matter of policy and necessity, seldom pays), then the 


values given to the winter flow are erroneous unless’ justified “by val lues — 


obtained | by some other method, and some demand other than agricultural. haa : 

In conclusion, ‘it appears to the writer that while the laws governing water 
‘ 7 ary in the different: States, their | customs and decisions are more 
ne early i in harmony. . In Wyoming, where the Code differs radically from that 


n ‘Odlerala, the Court decisions are generally i in harmony with, if eat actually 


ons, p. 


bas¢ 
paca’ 
| and 
3 of 
— hav 
‘to 
2 
3 el 
| 
| 
“Shee 
tks 
€ 


and | have a standing similar agg 


Kansas, Wyoming, and New Mexico 


tice i in Colorado i is based largel ely 


ofe every water-right question. They have undergone the test ‘of time; ‘they 


: a well established : ‘and practical solution of most of these | questions. Whi 
do. 


amples and cases. applicable Colorad have used in 


All” those who have discussed. the “paper shown 


aarith water, its uses, and the problems involved i in Dastratsne not aly values 
4 but uses, , customs, laws, and practice “One i is tempted to follow t to some > con 
Jusion the many lines of thought 


sentence more ideas are ‘born, 


ede 
the wi 


sig 7: ew 


— 1 on, earlier Colorado decisions. Many water rights in Wyoming were oe. 1) 
is These, in Particular, have been treated 
ghts in Colorado. The tendency in Nebraska, 
is to follow the Colorado decisions. 
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THE DESIGN OF TALL BUILDING FRAMES 


i od Diseussion* 
TTLEsEY, Assoc. M. Am. Soc. C. E. 


Assoc. M. Am. Soc. C. E. (by letter). ¢{—The writer 
would like to submit another “short- cut” to calculations of wind stresses. ite i 


_is equal to the total w wind shear above that floor multiplied by the story height 


or the average of story heights « adjacent ‘to a floor- beam connection. is FACET 


 Second.— The distribution of the moment to the various columns and 38 
is gi the beam and i is proportional to their a 


t developed can not por the strength of the connection. If more than 


“will ‘not increase ‘the moment; in the column. or all ‘girders | 


— equal, grant | equal moment to all connections of a floor. ae the girders vary 
ins size, as is generally the case, weight the moments cncnnillionsl &. the’ depths 


ane 


4 
‘hird. —In an irregularly shaped building t there is seldom a typical. bent 


is rigid and that all connections on the floor + Seip which | are oriented with i 


ig wind, are working i in | proportion to their ultimate s strengths or to their. depths. . 
The moment the is. equal to the moment of the connections. 


“moment in the column above or below is found by a 
_. * Discussion on the paper by Albert Ward Ross, Jun. Am. Soc. C. B., an 
&: Morris, M. Am. Soc. C. E., continued from February, 1929, Proceedings. — 
Wig aR Structural Ener., 0. Sprager, Los Angeles, 
retary, January a6. 1) | 


‘First. —The total wind moment to. be resisted by the framing of any floor 


= 


io 
—— 
momen 
i 
= 100 
— 
q 
| 
ow. _Asenming eonal moments ‘ ment is divided, part abo 
s of column in a story, 


ALL sUILDI G FRAMES TO RESIST WIND 


he gra ity loads as t 


f connections gravity are 88% for 
_ combined wind, or r 50% | for combined | earthquake and 1 gravity stresses. 8. | Rivets 


“2 ae in tension | are considered equal in strength t to rivets in single shear and ¢ are 


ranted | the same increase in stresses; that is, 33% for combined wind, or = 

50% for combined earthquake and | gravity stresses. 4 

‘The writer treats earthquake § stresses in a manner similar to wind stresses 

by substituting for wind shear the product of the weight of the building, down . OR 

to and including the floor in consideration, satiation by a ‘seismic factor. — 

by gosh” artes wee: in Los Angeles, | 


for this ‘of the may as 
shown in ‘Tables 24 and 25. a There are two beam factors, XK, for each floor, 
one for each axis, which when multiplied by the depth of any beam on a floor 

THA 
gives the wind or seismic moment to be taken by the connection at each end 


the beam. ‘Wherever gusset connections or haunched beams" are used the 


4 


7 


Table 24 is used for finding the beam K. ~The: story Leight’ h, is 
ie the aver average of the story above and the story below any floor level. In deter- 


mining the seismic force, F, only the dead load or actual load of the building 


< need be considered. The force, F, ‘acting at any floor is the product « of the 4 
dead weight of the building down to ‘and including the ‘floor in question, by 


om the seismic factor. From this point ‘the ealeulations are the same for wind 


or seismic stresses. The total moment per floor , M,, to be. divided among the 


connections, is Fe or P times The beam factor and south 


TABLE 2 24.—Form FOR TABULATION OF Computations To nig 


Beam Factor. 


EAD Loab oF 
tla tant here binis 


“Total 

moment 


Story 
Floors. Walls, 


Pable 25 25 is used for finding the divisor, N. Multiply the depth. of every 
beam floor, ine cluding ¢ e -spandre ls, by the number of ‘times the con- 


Consider only those connections which frame to columns. 


(Raper, 
| stresses, the writer uses the sum of the wind 
n to these wind stresses, the writer 
he basic moment for the g the 
all 
a 
3 
4 
t 
? 
att 


‘Enter this sie in ‘the proper column, depending on the direction in which ase 


the ‘beam is placed. N ‘is Gis’ f each column of 
there will be two values of Nf for emery, floor considered, and values” 


ad fog been autbhaol - 
3 
TABLE (25. FOR. Cc STATIONS: TO 


‘TYPICAL FLoor. LOOR. | MEZZANINE FLoor First Froor. 


e designing the beams of typical floors, due to the increase of stresses wa 


for combined stresses, the upper floor sections will be governed 


the gravity loads, and only the lower story sections | will be influenced by the 


th 


ismic moments. To det ‘determine the floor at which the added moment _ 


be considered, find the maximum moment that the typical floor- beam 


will resist at the increased stresses, | and subtract the end moment of the beam 


due to gravity loads. if ‘the beam were fully restrained, or fully continuous, the 
end moment would be —— ; but due to varia 

writer uses: as an average value. The loading be reduced to te 
load or actual load when considering seismic stresses. The sa same moment. 


is added to ‘connections at exterior columns, due to the relative stiffness of 


the co umns. ‘The resulting difference of moments is the maximum wind o 


seismic moment that can be carried by the beam. . This divided by the , depth 
of beam gives the beam factor , Kns or Krew. . By comparing with the K factors i it 


Table 24, 4, the lowest floor at which the beam can be used, i is ‘easily picked. 


_ From there down the beams of the typical floor will vary at every floor tc 3 
By any method of calculation, the sum of the moments about any panel. 


oint is zero. Therefore, the sum of the column ‘moments is equal to ‘the 8 


of ‘the beam moments at any ‘point. Furthermore, if the point of contraflexur 
- is at mid-story height, the moment at each end of a column in any story is 


th same. To fulfill both these assumptions the column ‘moments must. be 
averaged with the floor above and the floor below. _ For example, the moment in 
the column section above the fifth floor is equal - to the | sum of the moments 


of the connections framing to the column at the fifth and sixth floors divided — 
by four. Similarly, the moment in the column below ‘the sum of the 


moments, of the connections of t the fifth | and fourth | 
accomplished ‘by averaging the ‘beam factors, K 
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N TALL BUILDING FRAMES TO RESIST V 
10 


“When the ‘exterior connections are designed to take the 


the be am it is reasonable 3 to. take this moment into ‘the exterior ‘atllaatin as 


vell—one-half above « and one- -half below; in a this ‘case th ‘the eccentricity of the 
ch _ The floor at w 


factor i in the column design ca 


g 
an by. considering the margin of 


increase allowed in the stresses. that the total ‘stress in ‘the 


r 50%), and solve for 


the value of the beam factor, K, which can be com 
ropa Sage with t the K-factors of Table 24 for locating the critical floor. eae 


+ 
This method was developed primarily for steel frames, but the principles 
be applied to a concrete frame by similar reasoning.” 
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| PROPOSED FORMULA FOR 


By T. F. Hicxerson, M. Am. Soc. E.t 


M. An. Soo. O. E. (by g—The writer is gr 


Equation as) I, ‘which may be ‘written ina more convenient form, as follows: 


u+ 1 


e to his point t that: 9.84 

a | instead of 9. 87 (or +?) might be used i in the preemie of Equation | Oe 

' the writer would retain the latter value, since it gives an exact: theoretical — 


check of Euler’s formula when the slenderness ratio becomes very large. 


> 


However, if the term, in Equation | (8) is changed to there is 
still closer check with rigid theory; so that, when —— = 100, ete, tt y, an 


= * Discussion of the paper Soe Cc. continued fro 


Author’s closure. 


t Prof. of Civ. Eng., Univ. of North Carolina, Chapel Hill, oN: Maiian pi Ae 
§ Received by the Secretary, February 21, 1929. 

|| Proceedings, Am. Soc, C. E., May, 1928 , Papers and Discussions, p. 

Loe. cit., December, 1928, Papers and Discussions, D. 2721. 

Loc. cit., May, 1928, Papers and 


Loc. cit., p. 3658; 


NEERS 
isles 
| 
wa 
— 
4 


= 
s incorporated i the general formula, E 
making it perfectly rational, so far as. practical 1 appl: 


The e remarks 1 made by Dr. Salmon* are highly | appreciate t the wi 
finds reasons: for Tejecting his is proposed straight-line formula.t It is ‘entirely 


approximate except ; for very” ‘small values: of the slenderness ratio, “as 
be Seen aris son with the more exact Equation 


Let 0.0015 =; E = 80 000.000; and f = 36 000. 80, 


is "Equation (47) g giv = 24 165; while Dr. Salmon’ s formula* gives — - = 28 000, 
which is 16% greater than the, correct value. If— = 100, the results are 19 845 
as compared with o7 170, which i is 37 % greater; and if — = 120, the results are 


a 750 and 26 390, respectively, or | 67% greater by using Dr. Salmon’s formula, 
As to the point made concerning feed olumns,f the writer concurs. 


In 1 dealing with columns having considerable restraint at the ends (but not 


he 
fixed rigidly), a “free length” was assumed for use in the for 
Obviously, anj 
be used in the formula | (or for pivoted to 


‘conditions where the ends are known to be “more: or less. restrained. 


Ge i} 


olution of the secant formula by trial ‘and. error is quicker than : the ‘solution 


@nga (47), ‘the followi ng data were used Given == 0; — 7; 


E = 30 000 000; and f = 20 000; itis required to find the value of —-. 


the substitutions i in Equation the proceeded thus: 


= 12 000 formula gave 650; and (2) assuming 


15 5 000, the formula ack i 14 894, which is sufficiently close as a check. 
. “The writer considered himself lucky in guessing ‘the second value; and 


machine, together with | a table of ‘secants, was available, but. the 
time in making the two trial solutions was the 


924, w was done i in 6 min. tort 


“Columns,” tank, 1921, p. 43, and Fig. 
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HICKERSON ON PROPOSED FORMULA 


the initial deflection due to the bent, shape of the « column, ‘but o on sccount of a 


supposed ‘simplicity, he states preference for the secant 
“assumes all the eccentricity at the of the column. certain 


bow is tolerated, it does not seem “necessary that it | 


to eliminate | one term in a general expression, ‘eepecially since ‘no ‘complica: 


jons are involved. The value, e, is logically a function of r, whereas 4 is 

function 0 

reason if for none other. The interesting paper quoted Ross, 


‘entitled “Equivalent Due to Secondary Stress”, should be read 
in full to obtain a clear understanding of the theory involved. 
| Hunley formulas presented by Mr 


Bloist give ‘high allowable 
and they evident! supposed t apply only 
‘bridg Equation (46),4 for == 5, and maximum n stress = 20 000, 

gives a close with = = 100; but 

the is than value; and for 
= = 200, it is 68% greater. 4 ee the claim made by Mr. De I Bloisg “that 


[Hunley] formula follows 


‘lenderness ratio rot = 200” 
As to the importance of the ratio, —. which Mr. De Blois discusses, 


‘evidently inte; art of a general colum formula ; ‘but the writer — 
cisied to think that a fixed average V value of — (1.5, for example) she ay 
working formula, althong zh it not sometimes eppea 
to be on the side of values of — imply that a re smalle 


| qmount of ‘the material. is” further removed from the axis” of bending; 


and the maximum edge stresses ‘are increased “somewhat (see ‘Fig. 7 10), 


but the tips of flanges can. safely stand a greater stress intensity ‘than basal 


face of a flange, | as tests. have demonstrated. | The curves in; Fig. 


and ‘the 

The eccentricity. of loading ‘is more logically a than 

h, or l, as used by Mr. Hunley. we) 


4 bg Proceedings, Am. Soc. Cc. Ez, December, 1928, Papers and Discussions, p. 3720 


Progress Rept. of the Special Committee on Steel ‘Provesdings Am. 
Boe. | . E., February, Papers and P. 357 
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t 
“mate formula, Hleoigol 


* tIts agreement with the straight- line’ formula, 16 000. 


a _ Values of the slenderness ratio. under 120 is not so close, chow 


ot shows. In assuming no ‘eccentricity of loading and an initial bow of 

(a linear deflection), the resulting curve is unduly straight. 

er The initial bow depends on t the slenderness r ratio as well as on the length. 


Thus, in comparing + two columns with the s same length, the one having the 


‘ 
-2 


wever, as ‘Fig 


lather slenderrices ratio will bend more; just as, in the case “Of two column § 


umns 


ith the aa ne — the one with the larger lis expected to bend m more. a 4 


6 8 100 120 «140 160 180 200 240 260 280 300 iat 
to 


Fic. 10.—AVERAGE THEORETICAL ALLOWABLE CoLUMN STRESSES 
FoR VarRIoUS VALUES OF THK RarIOo, - rab ‘od 


ai The writer is convinced ‘that the one mathematically ‘correct formula for 
structurally, permissible columns is a reversed parabolic curve, not a 
straight | line, as stated by Mr. Godfrey. + On» the basis of pivoted ends, the 
curves in Fig. 10 were | drawn from the solution of Equation (47). cd Ourve B 


coinci les almost exactly with Curve 4, in Fig. the simplified, 


to vitor 29999 


t Loc. cit., nd D 1443, prt 
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studying the table, 3 it is interesting that the terms, — an 
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TABLE or a Prvorep | 


When f = = 33 000 Ib. | per sq. in., and 

15 5; ; and E = 


ned ends, the al lowable stx 


B, Fig. 10, with the proper “Free length” value 
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HIOKERSON ON PROPOSED FORMULA F 


‘as closely with Curve B, Fig. 10, for all oe 


— y 45 — 0.001 oy 


‘solving Equation ‘the total length of (not should 


Thus, 009 Ib. per sq. in. To check this value against 


Tad; 
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DAM. INVES‘ 


By Messrs. B. A. Situ, E. Prosst, AND Lars R. JORGENSEN. 


A. “Am. Soo. E. (by letter). Foundatior 

‘a nd the Committee on Arch Dam Investigation have placed the 
world under a debt of gratitude which future generations must discharge by :. 


aah thaw ay o>, Bre 
m aking full use of the information so admirably collected and so exhaustively 
discuss . In this discussion the writer has followed the Committee’s notation, 
as far as possible, except that is used instead of V for shear 
id A striking feature of the investigation is that disclosed in Fig. 86,| namely, 
the deformation of the crest into a Fidehd form with two side crests and a 


central trough. ‘This: corresponds an -inextensional deformation of the 
_¢ylinder which, although involving relatively large | displacements, has only a 
very s small effect on the ‘stresses, This mode of deformation is described in 
‘Example 1, and the writer shows therein that the shrinkage which must occur 


‘during the setting of the concrete is sufficient to account for the down- stream 


ton 
> 


i< 


4 deflection: ‘of the crest at the cen er and the up-stream deflection near the 


q Example! 2 gives the displacement at all points of the crown | generator and 
4 “the corresponding “stresses when the reservoir is full, the temperature being 
constant and equal to ‘the initial temperature. These values are summarized 


Investigation, continued from January, 1929, _ Proceedings. 
% a Civ. and Hydr. Engr., Melbourne, Victoria, Australia. 
-$ Received by the Secretary, November 15, 1928. 


te Transactions) Am, Soc. , Vol. LXXXIII (1919-20), Pp. 038, 
May, (1928, Pt. 3, 188. 
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Table 45, 
= ering Foundation on Arch 


(8) « Table 45 gives at all of 


generator treated as forming - part of a a complete cylinder, while Column (9) 
gives the gene ica (or deflection) due to the inextensional deformation of 


£10) “gives the resultant. of these. and 
Colum (11) th observed deflection. | The discrepancy between the calculated 


and observed daplaoement | at Elevation 80 30 and thereabouts is no doubt due 


tos some inane in the assumed boutidary conditions at that ‘elevation 
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* Proceedings, Am. Soc. C. E., May, 1928, Pt. 3, p. 131, Fig. 84. 
el ese ample 3 gives the displacements | and stresses due to a fall of temperature 


1° cent., ‘the reservoir being. empty. “The agreement be between the caleulated 


ae and the observed displacement is reasonably close, In 1 this case no inexten- 


ional deformation is ; superposed because th e As no tending to 


te Attention should be drawn to the regions of tension at the crest and at the 


base (see ‘Tables 45 and 46). From Table 45 it will be seen. that at the. crest 


| 


here is a tension of 101 000 Ib. per f ft. of depth, and from ‘Table 46, if there 


el 
is a fall of temperature of 10° - cent., there is a further tension of 5 600 Ib. per 


Ag This i is: a total tension of 15 600 per or, since the dam is 2 ft. thick, 


_ per sq. in. ,w which may account for a crack that developed. 4 


ch} 


| Seal ein: diets Tables - 45 and 46 it will be seen that if there is a temperature 
of 10° the tension at Elevation 10 is 160.000: bb. ‘at Elevation 
a... there is 105700 less 85000, or 20700 Ib.; that is, at the base there is 290 


‘Tb. per sq. in., and at Elevation 14, 40 lb. per: sq. in, which is ‘sufficient to 
account for the observed vertical crack at the base. j 


The writer's remarks have been confined to the discussion of the “experi- 
ental data, but he would like to express his keen appreciation of en 


ee experimental work of Professor Beggs,* and the ‘important’ ‘analytical w 


| Proceedings, Am. Soc. C. E., May, 1928, Part & p. aig 
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for the complete cylinder given in. ‘paper “Arched "Dame? 
results are satisfactory both for the wedge- ‘shaped section 
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Bt 
Example 1 —Th 
ing g.—Suppose O V (Fig. 166), is the vertical axis of a thin cylinder, A 
of radius, VA = =V Bova =O C =r. Consider the par of the ellie. 
A C A’ B, bounded by two inclined planes, A and 0c A’, each an 
angle, with a horizontal plane. through OC, ‘and suppose the 


vertical reference plane and that the ‘angle, A VB= aS A’ V B : 


‘its azimuth angle, the reference plane, OVA 


This relation may be regarded as ‘defining: the boundary,. OF: “After 


‘deformation, P goes. to an adjacent ‘point that the ‘component distances 

‘from: P are | (see Fig. 167): PN: my “(above P) ;N M=v (to the right of 

the axis). This w corresponds to wi in the 

_ Suppose Qi is a point near P on the vertical generator through P, and tha ; 
‘Ris is a anaes near P on the horizontal are throu ugh P, so that QPRis a small 


n (9) tho the lines of which future progress must He. 
solu- 
dual The 
ature 
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167, ‘this is shown enlarged for 


of ‘After deformation, the triangle, P Qi R, goes o P’Q’ 


conditions that there shall be stipulate that: =P OF 


‘ 


THA 


: 
i 
= 


=. 


A solution of the quations is such that when 
0, a and along tl founda on bianca is, when y = 
0, avoids a discontinuity ab about the generator, es 0. 


=0,u= 
0, 


pe 


y > ne 
¢ 
Bite’ 
cate is. ig oh, od, 


Wis the sda placement of the crest at wy = 0, the pega solution is: 


(1 — cos tan ~—-—>sin2 | 
m | - --(131) 


‘an. 
not ‘Th 86 
rh — 
vst 
28) 
— 


(130), 2 the values of n so 
n reek a so that, n, 1x= 25: 


level,* for = 0°, 18 3°, 30°, and 


“Equation (131) taking the three terms: of series” 


= W = 17013 W 


5 
025 W—-O5W 06, 
= — 4.2952 


= — 0.9420 W) 


1.0292 Wp 
0.1453 W 


the 4 
crest be ‘by “Then the the 
upper part of the dam are, when { = 0, M =F= = 0, 0, and when ¢ 30 
; =0 (since ‘a weakness developed at this place during the tests) 5 u= ae 


= factors, U and F,, are at present unknown, but have t 


To study the lower part of the dam, take a new origin at Elevation 50 
and let z be the depth of any point of the a approximately wedge- -shaped section 
for rming tk the part b below this new origin. _ Then. corresponding to the eiiion - 


of the upper part of a uniform thickness of 2 ft., and the lower part of a -. 
ness of ¢ (given by t = ¢ a, in which, se = 01 and z is greater than 20), 


= 30 ft. when z = 20 ‘ft. . The axis of Bs and, therefore, also. of x is oll 4 


‘downward, and z2=a in which, = 8. 6 very nearly. 
In the lower part of the dam the boundary conditions a are: when = 20: ft. 


is, 2 = 5.5), u =U, M= and F= =F,; when = = 40 f t. (that 
is, = 11), w= = 0, , and M= 0. Ini all, there are ten “equations for 
stile ‘namely, the four arbitrary ‘constants for the upper part, t 


for the lower Lari and the two 1 unknowns, U and 


2 
Gin 
the 
7 
Apr tS Agr+75 = 
r — 5.30331 Ayr = 
0.64705 A,r — 4.33010 A,r — 
— 
& 
an 
= 


1 } 


He : 
which, w s the ae of 1 cu. ft. of water, ‘that is, 62. 5 5 Ib, the following 


ressions derived: ‘For a complete park = 


segmental Ey = 


ar 


yee 
ft) that tw = 0. at wa the upper part of of 

+B ‘si in —= Lad 


+ D’ sin 2 sinh 


= + 0.67137; D= ist 


~ 


wet e the lower part. of the dam ‘the relation between 2 and x (the argument : 

the ‘Michell functions*) is given by ax, i in which, for segmental dam, 


5; hence, a= 3. 6, nearly. 
point at Elevation 30 is 20, ft. below the new origin 80 > that fos al 
point, a= 5.5. point ‘at Elevation 10 is 40 ft. below the new origin so. 
that for this point, , which is token to be the effective dam, f= 


Writing usu" (- and A, = ther 


i 


ty + uy +: Dit 


= — 8.59895, sth { 

u Droits ani ul! as T , M, and F, 

FOr? 


are’ given in ‘Table 45, a Values of x in Column (3) are for use i in connection with | i 


Michell’s functions for the point considered; thus,: at = 30 ft., 

= 3.6 2, 80 that = 5. 5, nearly. TA bas 


133) g =; for this part, ¢ = 2 ft. E Oo == 


xs 000 Ib. per or 345 000 Ib. per sq. ft 
Equation (134) gives the value of for the lower part bel clow 30. 

In this part, Cs = since is given in in o= 


be in feet. 


at tc., in 
= 2 ft. and = — 
thedam, 
— 
— 
— 
20 
— 
\ 
. 
—— 
able 1, p. 4 
= 


(Papers 


45, Column (12) are 


s ‘The values of M for the | upper er and lower parts dam are derived Mg 


cos 


‘sin sin oh 


cos sinh —— 
nd, 


da 2+ D, oad 
The values, of the generators are bent concave to the axis), 


ey The values of the shear, F, across each foot width of the dam oan 


along. a | horizontal tangent) in the — of the central section is give 


n the up “upper part by, 

é 


cosh + cos sinh eet 


vr 
si The valeal™ of F are e given in Table 45, Column (14). A positive value 


of F indicates that M is decreasing as imereases, 


In Equations" (136) and (188), the constants have the ‘same value as in 
Equation (183), and those in’ Equations: (137) and (139), correspond. with 


alti Example 8. —Temperature Stresses with Reservoir Empty—The boundary 


conditions ¢ are: At the crest, M = F = 0; at £ = 30 ft., u = U,, F= ‘P,, , and 
fe : 0 (in which, U, and F,, are at present unknown), for both the upper and 
lower parts; and at the 
yee 09 As in . Example 2, there are ten equations for ten unknown quantities. The 
for the displacement, u, ins from = 0 to 30 ft.: 9000 God 


B. 
A,' cos cosh. sin —— cos 


+B 


which, = > e eR 0000077 XK 100 XK 12 X _0. 014 in. fora r 
drop in ‘temperature, ad pla al, 4 


A negative indicates tension. 


The values of in’ Table computed from the af 
men 
and 
| 
— 
For the lower part, zis betwe Th 
an 
ast 
ogi 
a 
‘ 
a 
> 


negative sign. indicates that the, ‘designer must 


27 


0. 028785. 


ris 


in A,” =—17.08784; 34623 ; OF =+ 4. 26342; and D, 
8.49452. Column (8) of Table (46) gives” the value of w in of U. 
correapéniding the first operation; Column (9) shows the’ uniform con 


applied to all points in the second operation. ‘Column (10), gives the 


resultant of these two operations, while Column. (11) gives the observed values. 
The agreement is fairly good, except near = 30 ft. TS t 


The thrust, T, corresponding to tl the u, given by Equations 


side ni 


bending moment; M, from m{=0 to 90, given walt! 


— A’ sin —— sin —— cosh — 


f 
dp 


oil 


are tabulated in Column (14), ‘Table 46. 


The ‘tilting | of ‘the dam from ‘its original position at the base* 


q is possibly due to deformation without stretching, as discussed i in ‘Example 1. 

This deformation “has no effect on the stresses” because (1) the ‘generators 

remain straight so that the bonding moment, MN, is “zero throughout; 
since M is zero throughout, the | shear, F, also vanishes ; and (3) since the 
stretch along a horizontal the arch thrust, T, is also. sero... 


Dn and, then, (2) contract the whole surface through the same distance, which = =» «J 
alter, the stresses and will bring the base back to its original position: 
by = +,0,06957; B pnd, for the lower part, from. «= 5.5 
‘or 
| 
36) 
7) 
8), — 
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The agreement between the ealculated deflections given in Column 
= a ‘Table 45, after allowing for the added deflections due to the tilting’ of the 
‘dam and the observed deflections shown in Fig. 126,* and Column (11) is fair 
except at Elevation 80, where there is” some uncertainty as to the’ exact 
conditions. . It may | be ‘shown that | the deflections at the center line (shown 


in Fig. 127t), 3 for a head of water of 50 ft, are more nearly in accordance — 


with and given in Table 45, Colum am: n (10), and ar are ‘greater than those 


for ahead of 60 


The writer maggests that should be given tc to. the direct mea- 


ilting of the dam at the base ‘indicated by deflec diagrams in Figs. 


ie The existence of a considerable tension at the crest. (as shown in n Tables 
45 an and 46, Column (12)), and at the base. as shown in Table 46), probably — 
accounts for the vertical cracks observed at these places on the center _ ° 
Dr. Ina. E. (by letter). §—The experiments. at Stevenson Creek 


have ‘mile clear to the writer, certain necessary modifications for other designs 
inder similar conditions. As a result of temperature | variations, especially 
just after removing the forms : and filling the reservoir to within 60% of the 


between. the foundation rock and the concrete struc- 

ure was” broken, for all ‘practical purposes, on the up- side,|| that 
no possibility of developing tension along that plane. ‘About: two 
pouring the u upper one- “sixth of the arch there 


radial lines, as already | need in many arch ‘dams. These should be 
ind then sealed with a bent copper sheet on the water side. After the conerete a 
has hardened all the joints must be completely filled, For this reason it is 
A ith best to make joints relatively large so that ‘they may be more » readily filled with 
a sand-cement mortar. — 3 Neat « cement ‘mortar is not recommended because ¢ of 


its high rate of shrinkage. action is only if the joints are | com- 


cracks ‘that the -stream side o 


__ the assumption | of f restraint at the abutments must be accepted with: caution. 


If, in n checking the computations for. or an arch dam, a tensile stress i is ol 

at the supports—and i in a small dam these are avoidable—the project should be 

re-designed so as to ensure only compression, According to Fig, 186,§ there 

3 seems to have been only compression at the reactions in the upper. half of the 


dam. Ata point half way down there was a compressive stress of about 1 ued " 


E., May, 1928, Pt. 3, p. 174. 


t Prof., Technische Hochschule, Karlsruhe, 


§ Received by the Secretary, January 2, 1929. “yin i 
Proceedings, Am. ~ 
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PROBST ON ARCH DAM INVESTIGATION Rana 


ports while from Fig. 94" it may noted that the 


stress on the: water ‘side. must have been zero if not in tension. . To change this 
nto conmpression the thickness of the arch should be made greater. Accord 


ing to tl the theory of restrained arches, such | an ‘increase ¥ ; would inevitably caus 
e. tensile stresses at the s supports, but since it is s not. possible to transmit “such 
stress to the foundation rock, there is an increased increment of compression 


on the down- stream face. In a certain sense this places, the designer i in a 


dilemma. The situation would become still more unfavorable if an allowable 
compressive stress of less than 560. lb. per sq. in. . is adopted and the a arch would 


need to be thickened. accordin ly. 


writer recommends that the arch dam be supported somewhat as 


1 Fig. : 168 3 (c). The haunches on the down- ‘stream side can b be designed 


| 


that no crae will occur on the opposite face. In addition, the haunches reduce ; ; 

the unit bearing pressure at the sides. _ ‘They are particularly necessary when aa 


is desired to place reinforcing steel at the ends. 


wb 


odd 


wae 
itive 


one 


‘Furthermore, for arches | with a angle of less than 50°, every effort 


be to avoid arch action and unfavorable at 


pointy o of restraint. This conclusion is founded on the observation (Fig. 95*), 


that a ‘erack ocurred in the lower third of the dam near the center of the 
down-stream face. This crack doubtless had an unfavorable influence on the 


With: reference to the combined effect of arch action and horizont al beam 


action ‘on the one hand and gravity effect: on the ot er, the Stevenson Cree 


Proceedings, Am. Soc. C. B., May, 1928, Pt. 3, Pp. 138. 
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ences in orervape upper r and lower’ third of the dam at are > explained by the: presenc 


might be expected, the influence of 


in ‘the foundation ‘rock on ithe! up- stream side. “Nevertheless, ‘the ‘dich 


action with the horizontal beam action was 3 great enough to develop’ the crack — 


on the down-stream face. Thus, it is apparent. that in the lower third, the dam ; 
was ‘not effective in producing perfect gravity action or arch action. of 


the | two effects should have been removed 8) that the dam could have Bedi built — 


to provide complete and satisfactory resistance by the remaining factor. 


Another crack developed about in the middle of the upper third | on ‘the 
down-stream | face and extended completely throu ugh the dam ‘at the ¢ crown. 


ie This is may be attributed, in addition to other actions, to the fact that the dam was 


of ¢ constant thickness for | the upper 30 ft. i “Such cracks may be ‘avoided i in arch 


- dams by establishing the | thinnest allowable section at the top and then ‘Tiles 
the remainder of the thickness by | computations. . Whether the crown slab is 
ast into a a single piece or in . several Pieces, it should be supported by a series of 


columns extending down to the lower part: of the dam (see Fig. 168 


f crown. : On ‘the other hand, a careful. determination o of the cross-section 
will tend to reduce the | gravity action ‘considerably si ‘80 . that pressures in the 


arch will not an ‘allowable value and, therefore, cracks cannot 


course, the u “upper and 


greater than in arch, it will be necessary to reinforce 
_ haunches on the up-stream side. af However, this will only be satisfactory if the the * 


steel i is properly anchored i in the widened. section (see Fig. 1 168 
‘The horizontal cracks that developed the middle "part indicate the 
_ presence of great tensile forces due to gravity action. — This likewise could be 


counteracted reinforcement, as s has been done > frequently i in a the 


na canyon such as Fig. 168 68 (a), 1 with about 120 ft. of water behind it... The 


ox “valley is a trapezoidal form which. is s well suited for an arch. dam. Hi Let the 


or all a method suggested would be as follows: ‘a dam 
width of the valley be’ about 360 ft. at the crest elevation. 694 


_ The dam proposed consists essentially of three parts: _ A lower wall ‘made 

a number of blocks separated by. joints; a very plastic intermediate strip (Fig. 
168 (f)); and an upper wall in the form | of a full-centered arch with variable — 
the, lower part, arch action may. be avoided most readily: by 


| ON ARCH DAM INVESTIGATION [Papers. ‘Pape 
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other ways; f 
for exalliple, DY Termrorer middle section on the down-stream side. This ° 
hae would not prevent the occurrence of cracks, to be sure, but it would help to § ~” 
— 
the 
as 
+ 
th 
fr 
th 
iv 
= the water side with a bent strip of copper,  #§. 


a material, such as felt, that will permit 


vertical displacements between . the upper and lower. parts of the dam. 


‘ or tl the apis part of the dam the section shown i in Fig. 168 d) is better than’ 
in Fig. 168 (e). For. a profile, such as Fig. 168 (a), the lower: section should 


‘about one-third the length’ of the dam. If the: ‘valley i is quite deep and 
aped, the two sections shou ld be of more nearly equal height. a 


cas 
Tw designing ‘the upper part’ or ‘atch section of the dam it is ‘fret necessary 


; approximate ‘the value of its central angle. the greatest convenience 
in construction this should be as large as the valley | profile: will permit with a 


minimum “of The variation from’ mi minimum 
ave 


| economical when the canyon 


“Otherwise, it be economical plan on using ‘reinforcing steel. 
ts, 


this will ‘only be aethididet near the abutments, the rods being dtehired on the 
_down- stream ‘side in the widened haunch (see ig.’ 168 (c)). p pr reviously 


necebiedy! Ti! reinforced concrete dams, therefore, ‘the steel will be bent back a 
“diagonally at ‘the abutment ‘and anchored in | compression ‘zone of. 
_haunch’ 80 that the shear will be taken entirely by the steel. 
JoRGENSEN,* M. Am. Soc. E. (by letter).t—The tests on the 
Stevenson Creek Dam have been carried on. in a very. thorough manner, 
"Several « engineers have done a great amount of work in analyzing the action 
this dam. Not the least valuable is the paper} by Raymond E. Davis, 


Am. Soe. Gi; E., because the information given can be applied directly 


The behavior of the. Stevenson under test loads has spbinted 
the way to better arch designs. The dam carries: a rather large proportion 


of the load or on the vertical beam. In this case the vertical . members act more — 
as beams than cantilevers on account of the greater efficiency of the arch at 
crest, , compared with that toward the bottom. iT 


behaves in a logical manner ; even the “up-stream ‘movement 


iaction is. like that of a | with failure impending. 
from the amount and shape of the deformation, i 


he cr shing strengt th of 


a igh The | failure of the Stevenson Creek Dam is ‘presumably not imminent, bu 

enough cracks and other indications of weakness have appeared to show tha 


the dam is somewhat in distress, although the maximum > unit stress is i 
andi stringers 1200 Ib. per sq. in. This condition should not happen 6 


ons. Engr., Constant Angle Arch Dam Co., San Francisco, C Calif 
ved by the Secretary, 13, 1929. 


= 
er 
— 
= 
he — 
| 
as 
ch 
of 
on 
+a — 
he — 
— 
— 
oly 
| 
ys; | 
| 
the 
= 
the 
be 
| 
3 
am — 
The 
ol 
‘ig — 
ible. 


a | commercial dam and need not hens soa dam etl with th ‘the inten 
tion of destroying it and, therefore, it was s proportioned ina manner different 


from that of a commercial arch dam. At, and toward, the crest it ssubtends a 


arge enough angle to. make arch several most effective, “but the arch is too. 


a F long in relation to its thickness; hence, the § shape of the horizontal 
“at deflection « curve of the arch:i ‘in its upper parts. _ At low elevations the subtended 


angle becomes very small; the arch becomes too flat for best arch action, and 
sen, 


unusually large amount of load i is thrown on the vertical beam. betwee 


is effective. This is is more re nearly vertical ‘beam action than ordinary: 


z middle they load. the top ears of the arch more at this point, , and, undoubtedly, 


ap have considerable. influence i in shaping the deflection curve dike an § $ toward 


ite abutments in zone between Elevations 30 and. 40 where arch 


action is at its best. | This indicates plainly that. a correctly designed arch 
dam should lage the abutments than at the in order be 


to 


‘The y writer. is acquainted with several tests on models made by B. E. 


‘3 Torpen, M. Am. Soe. .C. E., that seem to prove that actual failure in an arch of 


4 equal horizontal “thickness. will ‘not. ‘take place until the crushing strength 


of the material has Pagid Se provided the subtended angle i is 60° or more 
and the length | of the arch is not more than thirty to forty times ‘its thickness. 

n such an arch—removed ‘somewhat sae the foundation—the deformation 
curve would not be S-shaped an id the 


The crest length of the Stevenson Creek Dam i is 140 ft. and the thickness, 
2 ft. . The ratio of slenderness is, therefore, 70 and .the arch cannot be ex- 
pected to hold together until the ‘ert ushing strength of the material has been 
reached , which i is 8 also een by the shape of its horizontal deflection curve. 


“pee ea _ Professor | Westergaard’s analysist of the structural action of the Stevenson 
Oreck Dam i is very interesting in that it shows the ] presence of large twisting 


couples. On model tests by Mr. -Torpen, the failures looked more as if pieces 
had been twisted from the remainder of the body than as if the material had 
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his Society is not responsible for any made opinion | expressed 


COUNTY SEWER DISTRICT ‘WORK IN 


ASSESSMENT OF COST ACCORDING TO 


Essrs, FRANK LLES AND BrapBury.t 


_ 0, Tous M. Am. Soo. C C. E. (by letter). §—This paper is devoted, 


more assessment. The Enabling mentioned by the author is purely local, but 
ness. in so far as it may be used d as a guide for others, it it is proper to comment on 


Tesi The ‘fai lure of the 1918 statutes to include p provisions for detailed and 


“specific « advice to property owners of the terms and of the costs of th 
taking, led to objection « on constitutional grounds and resulted i in later amend- 
ment. The law now requires as a precedent | to critical legislatio n, that there © 


shall be prepared detailed plans, estimates of cost, and tentative assessments. 
‘Individual no notice of. these i is given to each property owner whose address is 


In a a project of wide -seope this is burdensome. How- 


| affords 3 sound protection to the property owner, and it has served to restrict | 


“sanitary districts into disrepute. "From the administrative side, ‘it would, be 
desirable if the preparatory. engineering could be lessened. _ Particularly i is this 


the. case )in the smaller counties which do not maintain sanitary engineering 


departments, and in which interest in suburban development i is sporadic. 
‘is noteworthy that the pr provision of the law for assessing interest charges 


making these a levy against income, to lessen 


Discussion of the paper by E. G. Bradbury, M. An. Soc. C. 
Civ. Engr. with George BL Cleveland, Ohio. 
§ Received by the Secretary, January 26, 1929, st 


rent 
ded 
and 
meen 
tion 
1 the: 
edly, 
ward 

arch 
arch 

ness. 
B @x- a 
been | 
urve. 
4 4S ar 
cient 

g 
ed Act, although possibly with stricter regard 

sting § 

| 
— 

| 

= 


OLLES ON couNTy. SEWER DISTRICT WORK IN OHIO 


es costs, and thus favors the direct cousumer or us 


There i is still i in the law a provision for paying to the county commissioners 


authorize the improvement, Serthin ‘fees which are proportioned con 

improvement cost. _ These , fees are small ‘(one- third to one- -tenth of 1%, wi 

fixed maximum), but it would be better if the payments 5 were not s £0 intimatel re 
related to the size of the project ald ay 
_ To Mr. Bradbury’s statement* of the extent, of improvements which have © 
been installed under the Ohio law, should be. added the fact 1 that, in one or two 


‘counties, t the: auditors’ ‘records ¢ 


temporary condition in a local real | estate. market, or it, may. indicate.a a tino. 


rapid and unwise extension of improvements, This comment is not directed © 
to Franklin County, in which ‘Mr. Bradbury is County Sanitary Engineer. — : 
M of Assessing —The major consideration in the paper concerns 
a method of apportioning construction costs.t Although | developed t 
particular and precedents, - the metho! is mathematically, and probably 
legally, applicable i in the general case of spreading ¢ costs over a district. | To * 
those who have studied this subject, Mr. Bradbury’s contribution i is welcome as 
helping to clarify avery” “muddled” a ind unsatisfactory situation. It i im: how- 
Assessments which proceed from the powers of the Government must be 4 


 Jevied in the manner prescribed by enabling laws. statutes which cover 


County Sewer Districts o of ‘Ohio recite that, in the case of main works, 


which abuts the improvement ‘may be assessed for local service, 


on all property in the district and special 


— 


benefits. Other Ohio statutes which relate to municipal improvements provide 


that special assessments be levied (1) by. percentage af tax value; (2) in pr 


AS the Municipal ‘Code that the sum a total of special. assessments within a 1 Be ~year ' 


period shall not exceed one-third the value of the after the 


ments are made. a 


some cetablighed physical ‘characteristic, including | area, 


frontage, distance from the improvement, or a 1 combination of f these. In cases é 
where levies have been made on the basis of benefits, ‘the computation | has . 
sometimes been roughly estimated in terms of area or’ other characteristic and q 


proportionate relative 4 


acquainted with individual properties. this. latter 1 method affords reasonably 1 


A+ 


Loc. oit., P. 2067. 
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assessments | read to physical charac- 


- those baséd on benefit n must be distributed by exercise of judgment and to meet 


several fdetors, which in ‘the ‘aggregate, at least are rather intangible. Mr. 
Bradburyés method does not eliminate judgment, ‘but through | itemization of 


elements; focuses’ judgment on a ‘particular point. In esse: essence, the plan i is to. 
make the assessment ‘proportionate. to ‘the’ product of: (1) Ultimate cost 


future expenditure; (2) a factor of deferred use; and (3) the square root of 


As an expression of individual opinion there is no why this method 


should not be as good as any other reasonable rule. When it i is “coupled with 


A 
assessment for local service on a frontage or area basis, this method admits 
influence by different variables. ‘It, therefore, minimizes the inequities that: 
result” from distributing the assessed cost: according: to any single charac- 


| 


| teristic. ‘However, any conclusion that assessments computed by Mr. Bri 
method ‘are more. equitable than those determined lye physical char. 
‘acteristics alone, is predicated on the assumption that the Sindamental dats 


are reasonably accurate. In spreading assessments as described by the author, 


iti is to evaluate certain factors, this: 
(a) The total ultimate cost of the improvement when—at some future 


The time sequence—perhaps by 3 or 5-year increments—when dif- 
es - iehosite ferent parts of the improvement will be required, and this for. 
total future period of, say, 20 FOB Maly 


(c) The present value of the land which is to to be assessed. 


first of these factors—the eventual cost—is within. the range of rea- 


sonable estimation, although there should be taken into account the occasional 
- practice, in rural development, of preceding sanitary improvements with pave- 


3 
ments. It is conceivable, however, that such. estimates would average within 


an error of 15 percent. 4 sidw oi oil) 
ae The ti time element i is rather more difficult to fix; that is to say, for example, 


that a given ‘sub- -district will require trunk outlets, or plant : facilities i in 1945, 


An error in assigning a sub- -area. to. a 10-year time zone instead of to a 15-year 
might lead toa a unit assessment, which departs by about 20% from that 


which might prove more -equita ble. A rough visualization of this i is afforded 


by comparing the partial assessments Column of Table. 2,* for the 


iis Hid TO 


approximately | similar zones E 1, which represent 2-year 


Assessments are admittedly based on judgment, and it is perhaps not fair to 


PE 


= 5 


aS 


+ 


subject the expression. of such. judgment to more or less mathematical soretiny, 
for ‘Mr. _ Bradbury is is undertaking not to point off the , decimal, but rather to — 


make ‘rational, comparable, However, the writer hes 


recently made some assessment studies j in which the estimate of the time factor ‘; 
attempted, and he was struck with the discordances of ‘opinion | _among 
those whose: jud ment was” pertinent. Faced with the question, “When will 


this particular area need sewerage’ ’, well-informed officials, engineers, and — 
wenn realtors { gave answers that differed | by 10 ‘years, and tha 
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yielded clear of ot opinion, 
areas, | and with a well marked trend of development better accord would be 


bas In the matter of setting a value (Mr. Bradbury’s third factor), there exists 


considerable. opportunity for variation. Since valuation is itself an expression 
6 of judgment, rather than a an agreed | or barter price, it is subject t to all. the 


influences of personal error whether it be from tax duplicate or the result of 
special appraisal. Also, is the fact that county sewer district improvements 
are sought by areas which are in process of change : from quasi- farm land to 


pate sections of suburban development. This betokens a state of flux with a corre- 
* sponding effect on values, and the resulting difficulties in valuation are great. 
such valuations: are ‘those the moment, during a “period when 


spread between tax values cand. 


their ratios remain districts a: are re generally 


of relatively valuable land which is in immediate and clear need of. sanitary 
improvement, afd, further, | of acreage which is still under ‘cultivation. The 
- latter is often | a large ‘part of 1 the gross area. a. It is included i in the district 


Ww risely and (under the present law) in bulk willingly, but the fact remains 

_ that its need for service is distinctly of the future. _ Because o of this, there 

is excellent reason for including valuation or a similar factor as. an an element 


f assessment, thus increasing the share to high value lands. a However, it is 
questionable whether, in such cases, values can be estimated greater pre- | 


gision than with direct evaluation of the resulting benefits. 
Table 3* shows derived acreage benefits i in a maximum ratio of about 
15 to 1 (Areas F5 and A4). is a greater difference than would result 


rer 
- from an apportionment by area, but the writer has spread assessments which 


have a unit ratio of 12 to 1 without introducing the factor of value. eee: 
Conclusion.- —Mr. Bradbury has based his plan on ‘the thesis: that benefits 


ea are measured by the increase in value which results from ‘the improvement. 


This 3 is true, of course, but it is not at all clear that the enhancement is a8 
ay > portionate to the initial value or to any constant factor thereof. “he eee. 


writer is impressed with the “paper as a workable plan ‘that accounts 
for pertinent elements ina manner which reflects the matured judgment of 


i. an engineer who has labored with the problem. — ‘However, the theory is not— 
ey and cannot be—provable. Under conditions i in which the variables are deter- 


minable within reasonable error, this method should yield satisfactory results, 


ng 


~The general subject of special ‘assessments offers a splendid field for engi- 
tt neering analysis and economic thought. However, a technical passion for 


should not obscure the human elements that are involved. hate 


* Proceedings, Am. Soc. C. B., September, 1928, Papers and Discussions, . 2071. 
a mio An excellent view of ‘eurtent practice in assessing is afforded by bibliographies which 


are contained in Engineering Societies Library Searches 883, 383a, 2897, and 8655. The 
_ Library of Congress also has similar lists. The legal side is covered by the works of Dillon 
Claw of Municipal Corporations”), McQuillan (similar title), and, for Ohio, by Page and 


es “Taxati n ¥ mor OT *). Most of the current references r on assessments f 
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merit of minimizing the necessary accounting between city and ‘county 
and, the work incident tot the assessment of the charges against individual 
property owners “not, of course, absolutely equitable but 


quoted by Mr, being based o on | the of connections, | have 


perhaps, erage, they the value of rendered 


‘The writer ‘no evidence that unincorporated territory pro- 


* ded with ‘sewer and water improvements is likely to resist annexation to 
the city. More than one-half area in which these facilities sand der 


Th 
average, by Mr. "MacDowell 8 used by the City Eng 


neering Department of Columbus. % This. fact explains the apparent incon- 
‘sistency 1 in the statement of Mr. that the capacities | provided by the 
3 city are substantially equal. to. those developed by the basis proposed by the 
writer, although th there is a wide allowe 


thou the amounts we 


of maximum. 1 flows to in the particular cases 
: The maximum flow is much greater than can be accounted for by fluctua- 


tions in the domestic flow and a always occurs during g or after "storms, 


Therefore, it is. . evidently to. excessive infiltration or surface water, 
nd is not a function of the domestic flow, as i it is made by the use of © 


the ¢ curve. It follows that the estimated maximum is unduly affected by BS 
water consumption. For example, if 
axceeen A of 100 acres. is s assumed to have a probable future population of 


cre, with water of per day per capita, and 


as shown by the curve being ‘times average, the tota quantity 
is found to bey 


20 x 1 500 (domestic) 


of the domestic flow as a r 


actual allowance for infiltration i is found to be ‘5 625. acre per 


the same if ‘the population of: the : ‘taken at 
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BRADBURY ON COUNTY SEWER ‘DISTRICT WORK 
the total normal flow ‘approximately that 


curve is based, it will give ‘satisfactory results, but use may 


lead to: serious errors. _the publishe d ‘information concerning in- 


the much higher rate storms. Infiltration | “is often ‘referred 
to as being quite constant in quantity, which is far from true. iY, appears MS 


nore rational to estimate separately the maximum domestic ‘snd infiltration 6 
‘rates, ‘adding for commercial ‘and industrial use ‘when 1 necessary, than 


‘set up an average and maximum without con- 


Mr. MacDowell the ‘use of valuation as a factor in appor- 


cannot be 


“with surety that. justice is but that this is 


vera 


of any method ‘used, and that justice will be more nearly and more often 
value is taken into consideration than otherwise. The measure of 
benefit is. ‘the enhancement of value of the property. Property located in 
p 


and , therefore, low in price, cannot enhanced My 


‘Ee 


lots ‘perhaps: several times as great. use a 


a factor in proportion to value over- this condition, but 


aid, ati of the latter “may. its status 
Imost over night, thus gaining some advantage over their less. astute neigh- — 


4 Doves On the other hand, it is to be noted that the owners of platted and 


devel loped territory are usually the instigators of the improvement and, in 
ue a sense, force’ it on those whose property is still in acreage and who, for 


_ Teasons of their own, have not yet seen fit to put it on the market. Among 


ibe: such owners will be found many who are looking forward to later develop- 
9 ment and others who desire to occupy their land ‘for: agricultural or other 
“purposes. There is ‘some justice in placing ‘the greater’ burden of “assess-— 

ment on who | are asking for the improvement as compared with those 


who consider it more or less premature in relation to their and 


4 


equity, and the of factor helps in dixection 
There have been several cases in Ohio Courts in which it has been claimed 
‘that sewer assessments were confiscatory, and at least two cases in 
the Courts have sustained this contention. The writer: believes that such 


will often follow if, the valuation factor but 


of taxes in sewer ana for re- the 
BA 4 time io-tinns as conditions change. This is an interesting de 
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gi ont ba 
development is not controlled by proper re; ior ‘Similar. con- 


ditions” (perhaps in a lesser | degree) were encountered and cured when the 
Ohio | law came into operation. Real estate operators still ‘sometimes pre- 


fer to Soatalt sewers rs and water | mains in their developr 


and ‘under county supervision nil inspection, the | owner paying all expense. 


Jn Franklin County such owners are further sang tag convey such sew rs 


= eli and to : 


lots” have been sold out, no ¢ one being responsible for their maintenance 


Ty 


and ‘the county having no funds’ for the the purpose, nor anny legal, ight 


Mr. ‘Tollest refers to a provision in the Ohio law which authorizes. the 
to County Commissioners of fees ba sed on the cost of the work. 
‘This section. has been held unconstitutional by the Franklin County Courts, 
| the decision being affirmed by the Circuit Court ry Appeals, and is, there- 
mr longer effective in. this Judicial District, which includes several 
| counties it in Central Ohio. _ How this decision affects the remaind r of 
| State hes not been determined. rehired. fhe res 
The various uncertainties and difficulties in establishing time and 
“factors, referred to. by ‘Mr. Tolles,t must, course, exist, but the writer 
has not found them serious. Assumptions are necessary many classes 
“of « engineering work. “The fact that one must estimate future population, 
water consumption, and infiltration does not justify arbitrary guess a at 
necessary capacity. of a trunk sewer. The same principle may reason- 


ably be applied to the a assessment problem. — Intelligent forecasting of the 


ore 


‘produce the most nearly correct answer to problems of this type 


peek factors, and a logically developed result therefrom, should ordinaril 


conclusion, the desira bility of a method of apportioning assessments 
the satisfaction ‘of property owners is self evident. The Franklin Count 
method. has the merit, of appealing to the general public a as | fair and 

| it is of quick explanation i in 


provides more to rely on than mere personal judgment. 
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he §_unless too cumbersome in operation, may be an improvement over the Ohio #88 | 
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fe ents, but under the | 
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ed 4 _tion, for the use and benefit of their ‘property; to place in the County 
ue t representing the estimated cost of maintenance | 
uthorize the county to levy maintenance assessments 
of perty as may be necessary in the future. This procedure 
in was adopted aiter it was learned by experience that such improvements, if = $@ 
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OF HIGHWAY “TRANSPORT SURVE 


‘N. W. Dovauerry, Am. Soo. C. cata! 
DoucHERTY M. Am. Soo. C. E. (by letter).t— —Highway transport 


surveys, described by the author, have a _ special value in connection with 
the construction of highway bridges that are to be financed by toll charges. “E 


: 1927, the State Legislature of Tennessee authorized the construction of sixteen 


- toll brid es. ~The legislation comprises three acts, each providing for a 


bridges. to be considered as_ a unit and to be financed by 
3 bonds, which, in turn, : are to be retired by the i income from tolls. Fae 


ids The bridges in the first group are e needed 2 and the tolls. will | easily, finance — 


their construction and maintenance, bridges of the second group are in 
isolated areas and on secondary highways and it is doubtful whether any of a 


them’ will prove paying investments. As a whole, this series will be difficult to 


finance from the tolls. collected. The a acts authorizing these two groups also 


- fixed t the charges that will be made, thus fixing the i income which the Highway 
reasonably expect from_ the ‘structures, Had studies of 


pe 
charge. ‘The bridges of the third series will. serve a real traffic 


and at least two of them will finance pert: kd) is probable that the 


‘Estimate of Trafic—The State Highway Department of Tennessee has — 

n conducting studies for. a period of years in order to determine the 


* Discussion of the paper by G. Schlesinger, M. Am. Soc. C. 
“+ Prof., Civ. Eng., Univ. of Ten a ee, Knoxville, Ter 


sit t Recsived: by the Secret tary, , Jan 


Min 

prt 
— 

a 

3 

4 

— 
— 

nd 

— 

— 
— 

— 
Sips 

iy 
= 

— 
. 
i: 
— 


relation between the average flow and the seasonal flow o of traffic as well as the 
volume of traffic that may be reasonably | xpected over the ; proposed bridges. 
The data show that the traffic i in August is approximately 38% more than . the 
average for the year. Th he total 24-hour \ traffic i is 138% of the daylight flow. 
This was by taking night counts. 49-hour count taken in 


August, therefore, approximates the average 24- hour flow throughout: the op 


aah owri) tot that of motor vehicle ‘registration. . This has been used 
as a basis of foretelling the volume of future traffic. Predictions made about, 
1923 have agreed fairly well with the actual r registration, for 1926 and 1927. Z ; : 
A more accurate value may be determined if the many sources are enti- 
mated separately. study of vehicle license numbers from the several 
: tions of the State has” shown that the ‘preponderance | of travel | is from the 
‘ _ The study 
as divided, therefore, ‘into: : (a) Local travel; travel from of 
large registration; (ce) travel from other counties of the State; and (d) travel 
_ from other States. No effort i is made to separate the truck flow from the travel 


of an automobiles, on the assumption that the same law applies for the trucks : as 


Local Travel. —To estimate | local 8 
ttle as possible. It i is 


‘well known that detours, bad stretches of road, construction under way, a 


other obstructions, limit the ‘Ss flow of vehicles. From preceding counts a 


ivy hire Sd ¢ 
estimate | was made of the flow of local vehicles at the stations. ‘ From records: 
of motor- r-vehicle registration, an estimate was made of tributary motor vehicles 


by assuming that they would pass the station in proportion to their remoteness - 


| 


_ considering only ‘the counties in tributary areas. other words, of ‘the: total 
gy (ve 109352 


cars registered in the ‘various counties, a certain ‘percentage will contribute | 
potentially to the daily traffic density at a fixed observation station. 


‘ 
writer has estimated this | percentage as ‘some ratio of the relative distances or 
remoteness from the observation station. od tact ont fey 


ote Me typical analysis is shown in Table 10 for the station at Spring Hil, 
f Tenn., near the Williamson- Maury ‘County line. ~The’ percentages in Column 


(res 


a ~@)y varied with the distance from Spring Hill and from a knowledge of the 


The Tocal travel at Spring Hill i in was ‘Vehicles | per 12- hour ‘day, 


h was a ratio of travel to weighted registration of 0.091. If two 3 main 


fares are parallel acr across a county, certain vehicles will ‘be. tributary 4) 
highway and others will flow over the other highway. “About twenty 


tations were studied in a similar way, and it was found that the weighted 


motor- r-vehicle registration was ten times the local travel at the stations. 
It is assumed, therefore, that the travel at other ‘unobstructed ‘stations wi 


be approximately one-tenth the tributary 1 motor- vehicle registration (see Table 


An estimate was then made of ‘the m motor- to 


This was done by the 
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“tration from 1920, through 1927, to 1940. | “Many factors cause the reg 


to change, but all of them can hardly be estimated in advance: The trend « of ‘3 


- the preceding s seven years” was probably. the bes nformation at hand and w a 
“therefore used in the ‘study. | The e population was estimated from the ‘Census 


reports and the registration was taken from the records of the Department of 


Finance and Taxation through 1927 


xt 2 


The value taken that obtained by assuming | that the percentage 


of the cars tributary to the ‘station varied with the ‘distance from the source — 


to the station. Some of the percentages. are somewhat arbitrary and were 


determined from a personal knowledge of the topography and characteristics of 


11. Ratio Between Nu UMBER OF Cars A Station 


AND Toran Cars REGISTERED IN THE District Servep. 


2 


> 


—lOvertown County Line, 2150 |. 


D 
East of 
mile south of 
1$even miles west of Morristown 
miles south of Murfreesboro 
10" ivi Macon County..,...... 
76 de Seven miles south of Clarksville. 
to 


Totals, ur average. 


28 


38352 
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A typical analysis is given in Table | ' 
essee River between "Waynesboro and Selmer, Tenn. (Bridge 3, Fig. 30, “4 
_Popuration Trarr AT THE 


_ ESTIMATED POPULATION THAT 

: AVANNAH BRIDGE 


n 291 769 
Wayne... 

9359 


40 400 


Gs 


Weighted registrations were obtained i ina: similar manner, the 


registrations for each ‘county each 3 year (see Table 18). 


fi. 
-—WEIGHTED FOR Stupy OF SAVANNAH BRIDGE. 


| 1910, | 1920. | 1921. | 1988 | 1928. 1924, | 1925. | 1926. | 1927. | 1980. | 1985. | 1940, 


216 40 400]40 618/40 886/41 054141 580 48 670 44 700 
Number of cars r 756) 887) 892) 980) 1 465 
y Persons per vehicle 52.5 | 48.5 | 45.5 | 44.0 | 28.0 . ; , ne 


local unobstructed travel, therefore, is estimated at 340 vehicles 
‘igs 1980, 385 in 1935, , and 400 in 1940. ag statins say 


re Large Cities. —The four large counties contain 48.5% of the motor vehicles 
registered in n the State. is desirable, therefore, to study the of x motor- 


for this study. ‘During the 1926 count, automobile license were 


listed at more than forty stations. the records i in a the Bureau of Regis- 


n was made 


for Davidson, Knox, Hamilton, and Shelby which include the 
‘Nashville, Knoxville, Chattanooga, and Memphis, respectively. Fig. 11 (a) 


shows by contour the number of cars per day originating in Davison County y 
as they the State of ‘Tennessee in 1926. The composite 


% 
, of the automobiles of t the oe 
lore _ By projecting the registration for the four large counties forward to 1980. 


and 1940, an estimate may be made of th probable tra 
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Bridg , is 
Rooga, on the primary system “Cie. 11) and | large flo “may be 


Bridge No. 6, at Kyles Ford, is not on the primary ‘system; it lies in a remote 


counties. 


ravel from other counties: Sot included in in the local and has 


one vehicle to each persons in It is that 
! % the density will not increase to much more than 1 motor vehicle to 4.5 persons, 


: Some States have a \ denser registration, but they also have a greater wealth per 


a UDa capita than Tennessee. The average wealth of the United States i is double that 
of Tennessee. In Fig. 12, the r registration is the weighted value, derived by 
estimating the percentage of total cars registered throughout the State that 


be expected, to to influence ‘trafic ‘density at the observation station 


‘| BRIDGE ho. BRIDGE No. 5 

__ |) LouboNn’ te _OBION RIVER 


38 1940 1920 22 24 26 28 = 38 

Foreign, Trova —On the main thoroughfares crossing the State there has 
een a marked increase in outside State travel since about 1926. _ ‘This i increase 
will 1 continue as the highways are improved, but it is difficult, if not impossible, 
eas 0 estimate the fu future rate. The amounts entered i in | Table 14 are e based on the 
present flow, modified by a knowledge of 71 previous: increase and by the loca- 
tion | of the several bridge sites. For example, a t Savannah (Bridge, No. 3, 
11), it is ‘assumed ‘that the travel will increase je greatly i in the near future 

mé of State highways in this area. Hay 
Charges at Bridges—The_ law provided a of tolls. at te 


"structures i in n Series No. 1: as s listed in Table 1, From traffic information 
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the ‘use. thé highways. ‘There is 


1 No.1. No. ‘No. 8. ‘| No.8.’ | No.6. 


arge counties. . 
Other counties,. 
Total, in State.... 


Total ... 


Probable ratio of actual to ‘theoretical _ 


Local........4. 
‘Total, in State....... 


950 | 
Total, in State 265 848 | 


Probable actual to theotetical 


—Tou 


Bridges Nos. 
5, 6,7, and 8. 


Automobile and driver.. 


Motor truck, or motor bus (1 ton capacity or less) ‘anddriver. * 
Motor truck or motor bus (more than 1-ton capacity) and| 


Motor-truck trailer or motor-bustrailer.......... 
‘|Motoreycle and driver.. 
One-horse vehicle, with draft animal and driver............. 
wo-horse vehicle and two draft animals and driver..:......) 
_|Extra draft animals or horses or mules, each................|. 
Ee sheep, hogs, or other domestic animals, other than pact 
; | horses or mules on foot, each. 
he 12  |Cireus animals, other than those specifically mentioned in| 


Items 8, 10, ‘and 


Ae 
s ‘os 
cted, | No. 8. 
mote | 
ist 100 | 2 | 6) 8 
335 | 235 | 800 | 148 
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an estimate of income he has made from actual travel, to 
the ‘schedule o ‘the tolls listed in Table and from this estimate the 


-averag per The Tennessee cars are kept 


average change. for ‘Tennessee “motor vehicles i is 


receipts for ‘the day by the total motor 
charge for foreign automobiles is obtained 


oe adding t to the amount received for the automobiles, one and “one-half tir times 
5 cents; taken the charge for Bridges Nos. 2, 3, , and 4, equal to 57.5 cents; 
and for Bridges: Nos. 1, 5, 6, and 8, a charge of 82.5 cents. A mel. com- 


; putation i is given for the Loudon Bridge (No. 1, , Fig. 11), as follows; _ 


Automobiles .. ry 640 X $0.25 = $160, 00° ge 


Heavy trucks .... 


ai 


erage th 


"similar number of passen ers. will pay 25 cents 


driver and car and 5 cents additional for each passenger. 


Ses obtain the daily estimated tolls for 1930, 1935, and 1940, ‘Tennessee 


travel is. multiplied by the average charge for each station, and ‘the 


i eign travel i is multiplied by 22. 5 cents, or 57. 5 cents, according to the hed e 


of tolls fixed by law. ¥ The weighted charges for each bridge in Group. 1 are 


¥ $0. 340. | $0.880 
| $0.825 | $0.825 $0. 


an ‘estimate of the travel at the several | bridges, 
e flow was assumed from : all the trib utary area. ‘This a assumption is far 


the truth for many of the bridges Some of the locations are 
n areas where highways will have to be cons ructed. ‘The estimates 
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TABLE 11. ABLE Loca Trarrio F 


4 xpectancy, in percentage of 
Traffic, 1927. _| Estimated traffic, theoretical or estimated 
ai m 


has been made of local flow w from the registration. 
Table 1’ 17 gives” the actual and estimated travel for 1927 and shows the per- 


centage that the a actual travel | is of the | theoretical. ‘From Table 19 and J 


bpowiedgs of the particular locations and the progress of | highway i 


4 TABLE 18. Dany np Aynuat Touts rrom Brinces 


Tolls per day: 

Tennessee cars.... 

Foreign cars.. 


;= 


$ 
1 

820 
Percentage ofexpectancy......| 90 «60 
191 000 112 000 |” 70. 000 200 125 000 


Tolls per day: 
| Tennessee cars ‘ 
Total per day 
Percentage of ‘expectancy 
Annual . 153 000 152 000 
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the ‘probable’ travel ‘for "1980, 


and 1940, ‘it only, remains bie the i ‘income for each year modified | by 
the expectancy as listed in . Table. 14. ‘The specified toll charges are given 


in Table 15 and simple multiplication. Sheets ar the result shown in 

‘TABLE 19.— Annua. Cost AND Tom REQUIRED For Ret OF 


on Brinces or THE First SERIES. 


“Interest 
 at4% | and 
per cent, operation. 
al 


481 


All the of. have been let The costs for 


ach structure and the cost for the whole group, therefore, : are approximately 
known The probable annual cost may be easily estimated. Table 19 gives the 


estimated annual cost” pat period to. retire he cost of 
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is destitute of great rivers. 


areas, underground water supplies, of good quality, can be obtained at reason-| 
able depths. In the arid semi- | regions, considerable work has been 


‘done in providing water supplies: for domestic, stock, and irrigation ‘purposes. 


“quence are the ‘Murray and its tributaries, which, during the winter months 
ha 


ave a total ‘navigable length of approximately 3 212'm ailes. ‘The Murray Basin 
“ has an area of 414 000 sq. miles, of which only 159 000 sq. miles can be angie 


as contributing to the 1 river flow, and some of this, , to, small degree only. 


‘a Part of the catchment has a heavy rainfall, and some of the mountainou 
a eas are covered with ‘snow | for several months in each | year. The average 


annual rainfall over the whole area is, however, only 13 in. 


Evaporation losses appear, from observations, to range up to a maximum ae ee 


about 60 in. per annum. In a year of low rainfall, the total discharge of the 
‘Murray River System has fallen” as low as 2 327.000 acre-ft., while i in a wet 


year the rin is more ‘than: twelve times this amount, the average being» 


anit It has long been realized that storages are essential for the economic use se 
available supplies, -and—especially in. Victoria a and New. South ‘Wales—all 


political parties for many years have followed progressive policies i in regard to 
-\. ® This discussion (of the paper by William B. Rudolph, M. Am. Soe. C. E., published — 
dn October, 1928, Proceedings, but not presented at any meeting of the Society), is printed — 
hh Proceedings in order that the views expressed may be brought before all members for 
Engr., State Rivers and Water Supply Comm., Blackburn, Victoria, Australia. 
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‘On the River, 
an concrete dam 200 ft. hig h was completed in 1925 to 3 
et seg i. acre-ft. of water, and on the Upper Murray good progress is being made with 
her Hume Reservoir which, , when completed, will : store 2 000 000 acre-ft. 
storage will rank with Gouin, Elephant Butte, and La 


world’s eee: artificial storages. - On the Goulburn River and other tributaries. 


der ‘constr h ‘wi 


other works are under construction “which will, bring total storage on the 
Murray and its tributaries to more than 4000000 acre-ft. | 
The waters thus conserved on the Murray and other smaller riv systems: 
1ey will also be used for 
stock supplies on several millions of acres” outside the irrigation 
The State of Victoria under ‘the of the ‘State Rivers and 
Water Supply | Commission (corresponding to the Duress of Reclamation, of 
the United States) already has made considerable - progress in water supply and . 
"irrigation development. It should be remembered that one of the first irriga- _— 
tion plans in Australia—and certainly the earliest, involving high- lift ‘pumping | 
on a large scale—was inaugurated i in 1887 by Mr. George Chaffey who later 
played such an important ‘part in the development of the Imperial Valley, 


uae In this discussion, the writer wishes to describe some of the problems of 
~ domestic and stock ‘water supply in arid and semi-arid parts of Australia, and is 
the methods by which these problems have been solved. This will be confined 
to a description of the various -water- works ‘supplying the northwest part of J 
‘ he State of Victoria, in Southeastern Australia, over which the mean annual 
rainfall varies from 20 in. in favored Area wis in. in 


bab Geology. —The s an important bearing its. 

water supply. pb Tike geologically recent times it was covered by a great inland 
“bay | into which discharged the head-waters of what are ‘now ‘the rivers of the ae. 

Murray System. Later, as this bay became entirely eut of from the sea 


was gradually flied with sands and gravels brought down 


surrounding ranges. The whole area thus became : a vast sandy Plain’ over the 
ee margins of which the streams continued to. pour their burdens of silts, sands, 


The materials laid down before and after the area was raised are entirely 


distinetive—the latter, or ‘fluviatile, being ¢ gray, and the former, or lacustrine, 


being red. — While the fluviatile deposits were gradually extending over the 
edges of the lacustrine area, the surface of the remainder, under semi-arid 
conditions, w was being | blown broadcast by wind action until the whole of the 
ye exposed lacustrine area had een redistributed. The Mallee e country now con- 
gists of low sand ridges, interspersed by | harder flats, generally with a an east 


and west tendene cy. _ The larger streams have joined to become the ‘Murray 


6) System and have cut ‘their way through these deposits exposing cliffs varying 
from 60 ) to 180 ft. in ae 3 ‘The ‘lense streams from the south “lose them- 
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ves” j ot the Murray.’ lakes in 


low- lying sections, but throughout the , Mallee (t (the Victorian Area i is Bel 000 000 
acres), there are no defined watercourses other + than the itself. 


I Water Su pplies. ral may be expected, na 


dense scrubs of Eucalyptus This is | the ‘Mallee. 


-serub which gives name to the area. After heavy rains, surface water can 
be ‘obtained where, under favorable ‘conditions, rain water collects 


and Ties for months i in depressions or clay pans. “Soaks” can also be Tocated 

experienced observers so ‘that ‘ground-water can be obtained by. digging a 

few feet. aborigines | ‘were adepts at this, and many 1 native wells have 


heen’ Mallee exploration was” attended by great hardships due to lack 


iw 


te water ; one of the early surveyors reached the river nly 


horse and drinking its blood, 
as The first efforts of early settlers were naturally to develop available ‘ ‘soaks” a 
and catchments. "Where water collected | naturally a at clay pans, a hol le was 
= and lined with pine. logs” (a native tebe, Callitris Robusta, which is not 


he true pine). This was, roofed over to reduce evaporation and it held small 
qn of water for domestic use over long periods of dry weather 
Shafts or Wells.— ~In certain localities near the mountains, shafts were sun 


to und derground water—sometimes to depths of several hundred feet in i ae = 


timbered. ‘Water. was raised ‘by means of horse works, windmills, 


BS - Catchment T s.—C tchment: are sometimes natural, that i is, open spaces 


“with hard but generally they are prepared by. clearing ‘suitable slopes 
and plowing complete systems of catch-drains leading to to excavated tanks 
which must be located in good hy olding ground”, that is, in clay. ‘Catchment i 


he iks vary in depth according to the depth of clay : available, and excavation 


‘must not ‘go through ‘the clay to underlying porous “drifts Side slopes vary fe 
from 1 on 2 to. 1 on 8, ‘and for average depths, up to 15 ft., ae cost of excava- Biche 


t has been found that, with a 12-in. rainfall, approximately 20 acres o 

‘are required for each 1 000° eu. storage 170 at 
gal. ). The actual percentage of run-off is very | low, because . a 0.7-in. O-point) 


catchment is rare, that is, a ‘catchment: which h will 1 run water with a 0.7-i 
rain, ‘Practic ally all supplies are ‘obtained from occasional h thunder 


ste torms of more than about 1 in. grazing stock to ‘trample the catchmen 


is advantageous, but cultivation, of course, cannot be permitted. " The minimum 
storage capacity for a wheat, farm of about 1 mile in area, is about 2 000 


“eu. yd. which requires about. 40 acres of catchment. ‘The best catchments are 
_Teverved for public tanks ¢ and the largest tabk thus far constructed and ‘filled 


in the Mallee ‘has ‘a capacity of 40 000 cu. _yd. Mallee lands are throw 
| for selectors, an addition of from $0. 73 to $0. 97 (88 to per acre i is 
made to the “purchase price to pay for preliminary road and water supply 


gy 


works, This ‘addigion’ or “loading” i is paid by the settlers at the same time as 


: land installments over @ period | of from 20 ‘to 40 y ears. The full amount of 
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EAST ON WATER SUPPLY, _PROBLEMS OF OF 


the loading is, therefore, not available immediately for works; but the exsacnt 


value—approximately three-fifths—is spent in constructing public catchment 


tanks and i in grubbing roads, for access to the farms. 
To reduce evaporation losses which. are considerable, tanks, are, sometimes 
“covered by ing with wire netting overlaid with dry grass tussocks to 
P ‘depth. of from 1 to 2 ft. Usually, only the edges are covered, the center being did 
in left open, ‘This is found to be quite effective. wit 
Ae. Oy _ Rock Catchments. —Mention should be made of the “rock catchments” of by 4 
Western Australia where outcrops: of solid granite have been surrounded by 
cement masonry drains leading to adjoining excavated storages. _ There are a ' 
_ catchments of as ‘much as several hundreds of acres in area and 150 ft. above oe, 
the general level of the surrounding country. ‘These rock. cat tchments yield as 
= much as 95% of the first inch of rain and practically all of any rain following b, . 
is - Storages are generally excavated to a depth of about 15 ft., 1 the bottom ‘The 
10 to 12 ft. being -water- tight clay, above. which. there may be from 3. to 5 ft. 
of porous material. Loss of water is prevented by excavating a fe 
under the site of the spoil-banks and filling this with clay he » 
Bores. —Below the eolian surface ‘soils of. the Mallee and red_lacustrines 
is a more or less i mpervious blue clay | band d under y which are. considerable 
‘thicknesses of marine. tertiaries, containing under artesian conditions, 
_ This water ‘is invariably mineralized to a greater or less extent—sometimes $e 
approaching sa saturation—and the | minerals i in solution. are a as invariably i in the 
Proportions of sea water. There are generally several layers of water at. dif. 
ferent depths, that" ‘is, perched basins, and the top water ‘is usually, of. very 
quality. In the southwestern part of the Mallee adjoining the South 
Australian boundary, usable water containing about 70 parts of dissolved s salts 4 
per 100 000 i is obtained by boring to depths of from 100 to. 200 ft., which rises po 
to within about 50 ‘ft. . of tI the s surface. JA At greater depths of from 450. to 550 Wi 
tte, water containing as little | 85. parts of dissol ved solids per 100 000, has 
obtained, and as much as 6 000 gal. hour has ‘been pumped. om 
A 4 6: -in. bore at this depth without unduly lower ring the level. of water in the bore. hee 
er | To the east of this district the depth to usable water increases sand the quality 24 ( 
of the ‘water deteriorates ‘until in about 60 miles a. limit of about 500 
Per 100 000 is reached. Farther east the quality iseven worse. == trik 
Limits of ‘salinity "(total dissolved 1 solids) vary. according to the nature, and anc 
"proportions of the salts in 1 solution, but in Nigtorian Mallee (sea-~ water 
Human consumption. .Good..... 30 per 100.000; 0.05 oz. per gal. Th 
nder inland conditions sheep have been known. to well on water con § 


aining 2 oz. to the gallon when they drank continuously 
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4 
nous area under’ which “asable water can be obtained covers 1 000 000 


‘deres of agricultural lands. In this region the State Rivers and Water Supply rok 
Commission driven nearly 100 bores, each supplying water for eight or 


ine’ holdings of 700 a acres. bores: (mostly 5 in. in diameter) are 


eased as to cut off waters of inferior quality, and, in general, are equipped 


ies with: windmills 12 ft. in diameter on 80-ft.’ steel towers. Storage is provided 
oth by 4.000-gal., corrugated-iron tanks on timber or steel stands. The cost of a 
ah bore complete with ‘mill and: tank averages’ about $1 200 (£250), the actual 
boring costing about $2.43 (108) per 
As the is generally neutral or slightly alkaline, the ‘casing has a long 
ld ie lifes 1 no failures due to its eorrosion are known in this area although many of © ae 
‘iva the bores. have been operating for more than fifteen y years.. The whole cost of 
a constructing and maintaining | the bores is met by rating ‘the ‘lands that'are a 
HR. benefitted; the actual rate averages about $0. 04 (2d) per acre per annum. 
Bift The: cost of maintenance and repairs is about $100 (£20) per bore per year. 
Channels. Gravitation Supplies— -—-The bore area is limited. Catchment 
tanks, which completely in times of drought, inadequate to meet 
of providing assured and water supplies for and grazing g stock 
ti has. resulted in the development. of an extraordinarily extensive system of 
“channels. bringing water from the wet south to the dry north, HOM, 
might | be anticipated from. its. geological formation the Wimmera 
dif. ‘Mallee Area | has a, general northerly. slope. from ‘the southern water- shed—th 
Grampians and - the: Dividing From these ranges a number of small 
South rivers, Cross the "Wimmera, plains and disappear. in the ‘sandy soils’ ls of, the 
salts alle. None of them reaches the “Murray or the sea, even in. times sof great 
flood. _ As early as, 1880, t the . natural. flow of the chief of these streams, the 
to 550 Wimmera “River, was. diverted into channels by means of timber weirs and — 
10. has carried to, excavated | tanks o on farms in- sections of the country where there — 
rom ay Were no defined watercourses. By 1891 about 500 ales of these channels ha 
heen constructed, The. only, storage at this. time was, Wartook Reservoir of 
| 24 0 000. acre-f capacity. A. further ¢ storage (Lake Lonsdale, 4 45 000 _acre- -ft.) 
} parts was completed in 1902 at the end of a . drought year in which the whole dis- 
tribution, system practically failed. After the constitution of the State Rivers 
and. Water Supply Commission in 1906, all ‘these works came under Govern- 
ment control a and considerable extensions were made. of fe 
tan | The old, method of using creeks and water-courses as main cha :nels was a " 
wasteful method “which, resulted, in excessive evaporation and seepage Tosses. 
en gal The Commission abandoned all | natural depressions and laid out a system. of f 


channels suitably located. along. main ridges” to. ‘command practically the 
whole o of ‘the Wimmera, and Mallee Districts. . Water from storages has been no 
‘taken, across rivers by. means of Jow-level weirs or diversion dams which not _ 


“only, enables it to, cross the streams, but also. permits any river flow available 
to be diverted into the main channel. In normal seasons the river flow is suffi- 


cient to keep the ‘main channel full throughout the winter and spring without, 


drawing « on the storages. which.are thus kept in reserve to make up p deficiencies # 
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AST oN, WATER SUPPLY PROBLEMS OF A DESERT REGION 
00. Since 1906 the area served by the layout, _known as, the Wimmera- Mallee 


Gravitation Scheme, has been | more than trebled.1 until at present about 11 000 


sq. Tiles are supplied. from its channels. To ‘Serve this, area, which includes 
85 townships : and has a population of 100 000, . more | than 5 100 miles 3 of chan- 


nels. have. been . constructed by the Commission. longest Government 


channel carries water a 300 miles from the storages in the hills 
ci into the far north, This great extension of the original plan has necessitated 


full development of the catchments of all streams supplying the area and the 

total capacity of storages” is now 200 000 acre-ft. Slightly less than one-half 


of this i is required for watering the whole area in. an average year. 


‘The. channels vary in capacity from 700 to 4 cu. ft. “per sec. and 
Brades also vary from 10 ‘ft. per mile to 9 in, depending on the fall: od the 

country and the size of the channels. The velocity of flow ‘is usually kept 

about 0.5 ft. per sec. Channels in cuts as deep as 4 ft. have side ‘slopes 
of 1 on 1 with 1 on 1.5 for deeper -euts. In very ‘sandy: land, such as that i in 
desert country, the channels are lined with about 1 ft. of clay or loam to. 
minimize seepage losses, | but in general they are ‘merely excavated i in the 
earth.” In designing channels of this nature it is usual to allow teu . ft. per 
sec. for. every sq. miles, but no main channel should be "designed for less 


reasons of construction), 


miles. I For longer channels els the capacities must be deiieds prnaeesty of the 
actual area served. It must be remembered that, irrigation is permitted 
- from the: channels of this system; all the water available is ‘required to run 
the channels, in which seepage and evaporation losses are very great, , and to fill 
_ excavated storages on each farm once ‘per’ year, with enough water to serve 
all needs for the full twelve months until the next run of the channels. As 
far as possible the channels are run during the winter months in order to 
‘seepage a and losses. Farmers are required to tanks 
storage above ground level | is frequently possible. — Excavati 
often’ only two- thirds of the full capacity, the remainder ‘above 


by banks. supply for an farm 


‘This “wills suffice for about 200 eattle, 12 
An’ open storage of 2.500 eu. _ yd., or 4295 000 Imperial gal, , will yield this 
uantity after allowing, for all evaporation losses and waste during ‘the year. 
in the: bore. areas, he landholders are rated’ on a valuation basis to 
cover the ‘cost of the project. The average rate is from $58 to $100 (£12 to 


£20) per sq. ‘mile, with | a minimum of ‘about $52 (£10/18/4) per sq. ' mile, or. 
$0.08 © (4d) per acre. _ The charge is ‘not based ¢ on ‘the quantity ene 
supplied. To encourage 1 the landholders to ‘put down. storages ample 


capacity» ‘the Commission charges no ‘more, for filling a 15 000- -cu 
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than for one 200 miles of channel 
ean be run in 30 days, but ‘in mare; porous country. the time required might 
Maintenance consists, largely. im removing sand- drift, blown into char nels 
duting hot windy weather. In. the parts of the Mallee. particularly liable to 
“drift”, channels are occasionally entirely filled with sand blown by one storm, 
Thirty-five townships within a the area commanded the ‘Wimmera-Mallee_ 


System ‘have pipe reticulations supplied from local ‘storages. whieh. are filled — he 


_.. The project. has cost $8 7 50 000 (£1 800.000) to date, or $0. 97 (48), per acre, 
and i is proving a soun financial | proposition to the State ) apart from its general 


“contribution to 1 the prosperity of the country. W 5 off 


Asa Channels.—Pumped Supplies. —In addition to this great gravitation system 
“the. ‘Commission has ‘completed: several independent projects. by which larg 


areas are at supplied with water for: domestic a and stock purposes ‘through channels 


filled by pumping, from. the River ‘Murray. si “In the: County of Millewa approx 
000. sq. miles, are thus supplied through. ‘separate low- level and 
level. shennel Three pumping plants are, required serve 


For the low -level system (known, as Lower Millewa Water- Works Die 

da: 
trict), the average rate is: $0. 16, (8d). per acre, or $103 (£21/6/8), per sq 
For. the high Jevel.(or Upper Millewa District), the ‘Tate is $0. 20. 
(10d) per acre, Or. $129 (£26/13/4) per sq.. mile. The length. of public 
channels, constructed. in. the Districts to date is approximately 


Pipe Reticulation—In the State of Victoria the supply of water to 

‘through pipe reticulations has not been extensively adopted owing to its great 


iki ail 


cost, _ However, i in the. adjoining | State of South Australia several such layouts 
been in operation fora, number of. years and one, the Tod od River Water 


will have. its. 240-mile mein: one of the longest 


a further of 


The | Tod River Water ‘Scheme is designed to ‘supply water to 10000 “sq. 
miles: of. agricultural land through . a 240- mile main and 1000 miles. of dis- 

‘tributaries, _ Water from the Tod River and its tributaries is diverted into a 


‘reservoir approximately 10  acre- ft. 7 capacity and. thence pumped 
| thr rough 24. pata of 18-in. rising main to a small concrete lined reservoir ir 
Knotts Hill, holding. 20. acre- ft. From this. reservoir the whole area is. 


commented by gravitation. .The main varies from. 20. to,.10.in, and is of. 
steel—the last; 110 miles, being concrete-lined. break-pressure basin,’ also’ 


“of 20 acre-ft. “capacity, is provided at, about. 28 miles from the. beginning of 
the main and below ‘the full supply I level of the Knotts Hill Reservo 
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valuation ‘and varies from 
within 1 mile of ‘a The’ 


of Water, on ‘actual figures in other areas is 182 gal.” ‘per 


“acre, or 84.480. gal. (Imperial) per mile. | For the: ‘rate, “48 000 gall!’ are 
‘and’ ‘the ‘excess: is charged for a at $0.49 (2s) per 1:000 


‘The annual tb be met ty the ‘State will ‘be iabout $730! 000° 


(£150 000) with ‘no provision for ‘depreciati ion. work has ‘greatly assisted 


im the development of the district and is, therefore, probably justified | by its, 
to: the: revenue and prosperity’ of ‘the State. FOU Gi 


ro Australia) 

bold and plari for’ with 5.000000 gal. 
of ‘water per day the inland goldfields from the coastal ranges across more 

than 300 miles of arid and semi- -arid country. yore 
‘From the “Mundaring Reservoir (eapatity; 4.600.000 000° gal.,” or. 18 400 


aere-ft.), a series ‘of. ‘eight pumping stations, ‘at ‘intervals, force | the water 


ry 


through a a 30-in. steel pipe line over a distance of 351.5 miles and deliver it at 
a Tevel 1 290 ft. above the r reservoir. The works" were completed in 1903 ‘at a 


Since the’ recent decline f the ‘demand for water for gold- mining pur 


poses, a new and increasing demand has arisen for” and stock sup- 
plies to the ‘splendid wheat lands adjoining the pipe line the development 


of which has been held up for lack of water. Not only does this ‘demand | 
absorb all the water thus ‘made ‘available but, in order * to “provide supplies tor i 


areas, extensions to the system are now being considered. 
> Artificial Catchments. —The conservation of rain falling on roofs is as old 


roofs themselves, but it is believed that: the construction of large ‘ “roofs” 


novel 


id 


people to settle, that the ordinary channel system of 


cannot ‘be economically extended to them on account of the excessive | cost 
of pumping, or of lining the channels. This is e to’ ‘the porous nature of 
soil, the absence of ground pr or com-- 


bination of ‘these factors. An experiment is being miade to form a 


supply artificial catchments by laying ‘sheets of ‘thin’ galvanize iron 
mn the ground discharging into water- r-tight covered storages. 


Bis ‘Taking the square mile, or 640 | acres, as the unit for comparison : fh “Te may i 


be assumed that a’ supply of water i is needed for 6 persons, 10 horses, 2 ‘cbws, 

and 150 sheep. ‘The daily’ consumption at maximum ‘perio is. 

at 5 gal. per ‘person, 25 gal. per horse, 8 gal. per cow, an d 14 ¢ al. per’ sheep. y 
Their requirements for. a period twelve months may ‘be set as ae '90 


Minutes of Proceedings, Inst. C. B., Vol. CLXII and CCV. 


The method known locally as the “Ironclad Catchment” has’ been 
S. Kenyon and R. F. McNab, of the Victorian State Rivers and Water Supply 
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MHRICS 3 Cows, axp 150 


Gallons _Rainfall required on 


‘Month, qe 4 (Imperial). 4 Gallons as 26.000 sq. ft. 


6 200, 


28 
average) 
. 


a. of the available rainfall returns which cover a cies of 50 
"years shows that 26 000. sq. ‘ft. of a perfect catchment will provide the required 


yolume in the worst period on ‘record during that, time, and naturally will: 


yi eld considerably more in the great majority of years. Since the rainfall is 


not well distributed during the critical periods, a ‘storage capacity of almost. 
two- thirds of the minimum annual requirements is needed. 
Experience has indicated that galvanized sheet iron has a considerable 


. life i ‘in contact with the soil of the Mallee. Of the 26 000 sq. : ft. of catchment, j 


ik 


it is s anticipated that the roof ‘of ‘the house and sheds will provide about 2500 ‘ 


sq. * _ The storage tank itself, the volume of which has been fixed : at 65 000 


to provide a safety margin, will have a roof area of 2 100 sq. leaving 


400 s q. ft. for the ironclad | ground catchment, ~The tank is lined with 


cement concrete, 3 in. in thickness, coated with bitumen. An overflow channel 
leads | surplus water away to | prevent erosion. The tank is roofed with ga 


Si 


vanized ¢ corrugated iron, 26 gauge, closely sealed all around ai and | supported on 


4 by 13-in. steel joists spanning the tank. An ordinary hand pump is fitted 
to which, together with the ‘catchment, is fenced in with a _stock- 
proof fence. 
sheds, the catchment tank ‘may ‘be reduced to 58 500 gal. na 
o the present, only experimental public catchments ha 
“structed. For actual farm allotments it is proposed that the Commissio 


supply the iron, , cement, timber, and pump; pay the rail freight ts land the 


“bending a: and ‘punching ‘machines, a1 nd line and. roof the storage tank. om 
settler is to cart all Il material | to the site, prepare the catchment surface to 


receive: the iron; bend and punch the iron; excavate for the storage 


- about 400 cu. yd.; cart the gravel from railway (24 cu. yd.); and fence in 


_ catchment and tank. If it is done in t this manner t estimated cost t i 


If separate storage, about 7 000 gal., 18 provided at the house and 
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8 tons, and. freight... fan 
Lining concrete tank 3 in.: 
Corrugated galvanized iron for, roof, 1. tot. 


ee 


‘his amount ¥ will be. repaid by the settler in installments, together with | 
his land purchase price. The settler will, have ‘the full responsibility. forthe 


management and ‘maintenance of the catchment and tank, and no annual 
charge f for that purpose will have to be met. He with profit, add. both 


to the ‘catchment and ‘to the storage, as his circumstances permit. 
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of active ‘interest ‘on the letting of and the relations 
a between engineers, contractors, a nd s surety companies. 
Preparation of Contract——The ideas presented in n Section cannot 


: emphasized too strongly. . They practically « cover the full: field of controversy 
between the. contractor and the owner or his. the The 


for each party ‘to the contract. In construction, ‘the instrument should. 


arranged in, proper. ‘sequence, of general application, and should contain. only 


matter relative the particular case at hand. In brief, the one principle 


for, the engineer follow during, its, Preparation, : in completely 


logical, ‘readable, reasonable, ar form. 
Tn the construction icated piece of work the 
ad “changes” do arise. 


i need n not, and ‘should not, emphasize hey that the “engineer reserves full | 


authority to ise" t he prerogative of continually harassing - the contracto 4 

making constant. changes and inodifications during the period ‘of construction. 


engineer’ s full responsibility exists ‘the. time, in which h he is pre- 


paring the contract form, specifications, a and plans. this interim, 
he will give ‘the same though care,” and ion to “the: 


: “specifications, ‘and plans, which he gives and exercises, in. ‘too. many examp les, 


_ # Discussion. on .the paper by Edward W. Fag M. Am. Soc. C. E., continued - from 
Special Enegr., , The Cincinnati Union Co., Cincinnati, Ohio. 
pro, Papers 
Received by fhe February 4, 1929. 
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harmonious working arrangement will exist between engineer and contractor. 


If ‘the contractor is ordered by an- engineer, or one of his subordinate 


make changes from Asy- to day as the result of plans inadequately prepared, 


Les 


or to modify ‘specifications not "prepared to fit the work at hand, how is 


ih 2 P possible for a contractor to | organize his forces, fol follow a construction program, 


use | his i initiative and i in briaeteey execution m of the) work, or obtain i in . the 
pit ‘a re 
end | that t to which 6c contractors are re entitled, ‘a feasbnable profit? ‘The t time for 


“for bids, the principle upon which engineers should work, should be that 


changes are to be made. after « contract has been let. Tf they ‘would 
adhere to ‘this: principle “would ‘imimediately ‘establish definite line of 


emarcation between the engineer's functions and the contractor’s “functions 


Small scale ‘drawings bound with the contract document serve no useful 


purpose. If it is “necessary for ‘the ‘engineer to depict the work to himself by 
large scale drawings and to correlate all features and details the problem 
by various suitable “scales, it. cannot be presumed that ‘small scale’ drawings 

will ‘give full information and ‘enlightenment: to a contractor or his. engineer 


‘connection between the and the contract, 


od The defaults: conteactors: are or a) of! the 


following causes: Lack: of experience or financial responsibility ; (2) bid 
si prices that do not represent the actual ‘cost t, plus a a reasonable percentage’ for 


its: execution; 


engineer ; ‘and (4) contingencies: arising during the ‘work, whieh aie beyond 


— 


“To meet the first and second anticipated ‘possibilities it is’ encumbent st 


-eontractors themselves to ‘use judgment and discretion in bidding on proposed 


. work. ‘Contractors’ as well as’ engineers obtain experience gradually by their 


increased initiative ‘and’ desire to expand a little’ at a t time from ‘a m dderate to 


an involved class’ of work. | “Th time, contractors as well as engineers, establish 


‘tbe themselves 4 classification and should only be encouraged to compete For work 


Hi & 


a class in which’ they have clearly | demonstrated that their pas ‘ability will 


fairly represent the probable successful execution of ‘the work at hand." n this 
‘basis it is immaterial whether a 10% or a 5% retainer ‘is withheld for the 


- owner’s protection against possible default ecause, when expressed i in a 


centage of the contract, it represents in part. the item of profit, to _the con- 


tractor. ‘Carefully, prepared balanced bids usually, provide adequate funds to 


meet current ar and a continuation ¢ 0 th 1€ necessary banking credit. 
The third a and fourth possibilities speak sufficiently for themselves. ae, a 


Established custom may easily and | conveniently be modified so as to pro 


r against the possibility of changes in plans” 
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personal property, 


to Prepare his j “Al deposits made ‘for’ securing the plans could 


the time pers advertisement for bids indi the date 


whieh bids are’ to be submitted it is too short to give a ‘Teliable contractor suffi bp 
time for 'a ju ust and careful consideration of the work involved. After 


_ the completion n of plans and d specifications that have taken months and some- 
itimes “years to prepare, are, as a tule, entirely anxious ‘to receive 


bids: and get a ‘contractor started 2 on ‘the execution of the work.’ 


period: should be reasonable and should vary with the class of work on which — 


ti 


Beetion -Under the “¢aption, “Adve “for Bidders”, 
one humiliating feature: that the author has failed to mention. ‘Too fre- 


quently the notice: for a letting is advertised in an engineering ‘magazine of 


‘general ‘circulation’ and it contains each and all of the points mentioned as 


4 _ being ‘of interest to contractors. ‘5 The result is that “out: -of-town” ecules : 


respond. They spend their time’ and money obtaining information and then 


submit a proposal which is sometimes the lowest bid. ‘It is: not a mere 


4 cumstance, nor is it evidence of fair dealing, when the low bidder is tafe 
that’ “the work has been given toa local contractor”. Under those circum: 


stances, the engineer should ‘withhold ‘the advertisement | from engi 
magazines, and should ‘state in the “Instructions to Bidders” that the contract 


4 
ill only | be awarded to a local contractor. sensed od 


Information for Bidders. t~To obtain fair and equal competition between 
contractors, full and ‘equal information ‘should given by the engineer 


each and every interested contractor. Too many’ engineers have favorites. 
a rule contractors: are less “hidebound” ‘than engineers, and 
very quickly to fair and honest ‘dealing. pide $s 
On public work it is v usually one of the for reir 
i. sleet to prepare an estimate in detail, and for private work it certainly has SS 
been: ‘prepared for the benefit and” information of. ‘the owner. responsible 


_ contractor obtaining the details contained in this estimate will” not’ ‘be’ gov: ie 


} competent to ‘portray the work on the’ plans b 
quantities, and” this is the part of the detailed estimate in which rma 


contractors are ‘most interested. Lasse gor bere as 


reasonable period! of time between the date of the of the contradt 
and date when actual work: must be started the successful cont 


ime to prepare generally ‘also require ‘at least a sade period of 1 time 
the part of the’ contractor before he can complete his negotiations with 


o retain'the plans until ten days after 7 
tor. 
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publicly: Secrecy plays no part in in the 


creation of an agreeable, straightforward, working’ relationship between ‘engi- 
Certainly, in fair: ness to those who may be equally: qualified | by experience 


and financial responsibility, the contract, should be! awarded. to. the lowest 


bidder. urthermore, when, alternate items are: included.on the plans and in 
the proposal, the work should be awarded on the basis of the lowest. alternate. — 
When alternates are specified by thee engineer, it is is to be presumed, and should 


be only | 80 considered, that each and all of them ar are 2 equally, adaptable for the 
be. constructed. _ If this is not the case the engineer’ should. declare 


Se himself clearly so as to avoid misleading the contractor and exciting the call 
interested in the alternate. 


It pee directs thought fo the relation of 
bonds. to It is to have the honest co-operation of 
al parties and co- ordination of of all factors involved. | 
writer believes i in the majority -of ¢ cases, the unit price bid isthe 
best for all concerned. Changes which involve more than a simple reasonable 


of sonditions not to other than these should not 
be necessary, because plenty of time should be given to study. the design, to pre- 


ie pare the ‘drawings i in sufficient detail and to obtain the best. borings and other 
sub-surface information. The engineer does. not always have | sufficient, time 


to make complete plans ; hei is often foreed to get them, done within | ‘a eertain : 
time limit. J Some engineers « do not think it necessary to go. into details, because 
hey know that those who prepare shop. drawings like plenty of leeway. 1) This 
Ber viewpoint: that is favored altogether too much, W ith detailed plans avail- ; 
able, the checking of shop drawings | is made easier and, quicker. and the en- 
gineer is more likely to ; get what he really wants. ES Furthermore, engineers who > 

_ know. how to make plans with enough details will not do that work for the — 
‘Money customarily offered. | is. the same mold: want 


Provision 

made for written. between. the ¢on-— 
parties for necessary and unusual changes. A description of the work 


overcome should be stated. plainly. 


3 = To demand good alone might lead to argument. 
Tf good results are: specified, only good workmanship will produce them; gen- 


erally speaking. However, when certain. methods produce. the good. results 


desired, it seems best to call for those methods 3. to‘be u used, because the results 
otherwise may be considered good, but not. just. what was wanted. Also, it is 
Proceedings, Am. Soc. C., E., November, 1928, Papers a 
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concrete | of a 
make, since hse results cannot be judged by ale inspection. 


quantities bid. ‘upon should be. calculated accurately to the best: of the 


‘The bidder ‘should be furnished with all known requirement 
and an ything that is not positively known to be accurate should be so marked. _ 

y It would seem fair to ask the contractor to guarantee the work don 


his control by means of a surety ‘bond. There a are some owners who: may not 


know when a bid is too low or that the sible one, 


Such people need some form of protection and for them a surety bond is desi 

able. The surety bond ‘should be regarded as a guarant against claims and _ 

—. and for the prompt ementien of the » work with the results specified, as 


| must be some risk whenever a surety bond ‘exists with | a contract. ‘The 


of that risk to be taken, respecting the responsibility of the contractor to pay 


for his labor and n ‘materials and to finish the work ad desired, is | something for 
the surety company to decide when writing its policy. If it takes good risks, the 
premiums should be low, but if ‘it just wants to sell ‘policies without 


ing how responsible the ‘contractor is, , the premiums will be necessarily high. — 
& Cash, or the bidder’s check for bidding, is preferable to bid bonds. The ac- 
ceptance of letters which guarantee a bond to the successful bidder is an unde- 


sirable practice and d should be eliminated | bee use of ‘the possibility of col- i 
lusion, aided. far, then s type of : 


pe. It might be well to keep the surety company's monthly estimati 
and ‘changes i in contract, having in view the r tio of work completed. to th 


to be done within the given - time limit. oe, 
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PA APERS AND DISCUSSIONS 
This: Society, is, ‘not responsible for any statement made or opinion expreseed 


SPECIFICATIONS F ‘TRANSIT. _TRAVERSING ANI 


By Messrs. Hopeson, ELSEY. {aTHEws, and Howarp 


Vv. + M. Am. (do. (by letter). t—The author has outlined 


a logical method of determining the specifications for accuracy in a survey 


and goes further by presenting the mechanics of designing them. The method — Me 


shown is not only logical, buf it accords: well with engineering principles. Inv 
designing a bridge the « engineer must | cnow the’ purpose to be served, the load 


to be provided for, and then must decide what type. of construction will best 


meet those requirements. The detailed designing can then be begun and on ie 


strength of the individual members computed. Similarly, ina survey, the 


purpose must first clearly: understood, the requirements of accuracy and 
specialized data ‘to be met must be formulated, and then decision as to the 


type. of survey and | kind of instruments can be made.! ‘The specifications for 
the § strength, or. accuracy, of the individual operations must then be deter- 


"Although the method o of writing ‘specifications for a 

the author is not new in principle, it shows ve a clear manner the method of 


combining the errors attributable to each o num er of associated factors 


in a surveying operation and important distinction between a 


systematic and an accidental: error. This distinction is the most essential 

factor to be borne in mind by ‘the ‘surveyor, ‘except for the ‘necessity 0 of. adopt- 

ing methods which | will avoid the possibility of mistakes or blunders remaining — 


undetected. ne wishes that t the sentence in Professor Rayner’s : definitions of 
“Afistakes” were always true—that “they are de tected | by checking the work 


and are eliminated by ‘applying corrections. > Despite elaborate systems of 

= This discussion (of the paper by W. H. Rayner, Asscc. M. Am. Soc. C. E., published ~ 
in December, 1928, Proceedings, but not presented at any meeting of the Society), is printed © 
in Proceedings in ‘order that the views paurerae may be brought before all members for 
Asst. Cht., ‘Div. of Geodesy, U. S. Coast and Geodetic Survey, Washington, DC. 
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nian have deen found by all urveyors to be sur- 


rates at. which systematic ‘errors: accidental errors “accumulate. sys: 
of +01 ft. per tape length | with | a -100- ft. tape, will give an error 
of 1 part in 1 000, and this error is indepepdent of the number of tape lengths. 
An accidental error of + 1 ft. per tape length, in tape lengths, will : repre- 


sent probable. error of. 0 or 1 part in n 10 000. principal aim of 


he re regards as accidental ‘errors do not tend systematic ones, 
For instance, i in Table 4+ the estimated tension is taken to vary from the 
‘standard tension by a probable error not greater than ¢ 3 Ib. and this i is  consid- 
ered to be a an accidental error. However, if the estimation of tension should 
. consistently higher o1 or lower than the standard tension, as would | conceiv- 
ably be the case in actual practice, a systematic error would: be ‘introduced 
which would accumulate at a different rate than an accidental error. = ‘The same 
i _ principle v would apply to the estimation of temperatures or slope of ground. = a 


 heolltt is probable that : some may question n the adequacy of the definition given 
fee “Error”,t | which states that “an error always is a quantity of which both 
3 the magnitude and the sign are unknown. ef To That part of the definition relat- 

ing to the sign does not : seem to be: correct or essential, because ‘the. error due 

to the wind effect of a “suspended tape is always such as to make the measured 
length too large, as is also t the error due to lack of alignment of a tape. Other 
examples of the same tenor could be cited. so, many ¥ will prefer a definition 


for “Systematic Error” ? which w ill provide that it need not be always of the t 


} 


a 


ements may echo eA both minus and plus e errors at different parts 
the same series of measurements, because the temperature varies above and 


the 


w that at which the tape is standard , but since the error varies in accord: 
some definite law, it 3 may be called systematic. odt 


‘Maruews,§ Assoc. M. Am. Soc. O. E. (by letter).|—The author 

has presented this topic in a manner that should appeal to the engineering - 


mind, as the subject of specification | writing f for the assurance of 

‘proper resu Its by an economic process constitutes a major part of the design of 

engineering projects. _ _Engineers have been or altruistic i 


conomy for the client | through refinements 


in design and construction and have neglected to apply the same principles of 
- economy in their own Work. The principles set forth in the paper ‘may be 


applied in a practical way to reduce expenses. 


Proceedings, Am. Soc. C. om Papers and Discussions, p. 2640... 
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Re large part. of the expense of an engineering yusiness: may be f for field's ur- 


5 veys.. Generally, the conception of the pr project originates with some one man in ‘ 
the organization, and. through him is determined. what field information is to 
: be obtained.’ 1 ‘The. manner in which this | is to be achieved is generally | left, to 


an assistant whose, only qualification for directing surveys may be several 


the various of precision required the methods to secure 
generally results i in financial loss to the. business. The principal in charge 


project should have a thoroug: h factors, , and ‘detailed 
‘specifications’, ei project, 
should be given ‘the assistant in n charge of surveys, 80 the required preci- 


sion ‘may be obtained at the least cost. In this manner only the manipulation oe 


ae The errors in ‘such manipulation a are those of observation and ‘jalan 
they are “gecidental” i in character, and the effect the ‘Tesult i is comparatively 


: small if the surveyors are skilled and experienced. The important ; t factors will 

be disposed of as “systematic | errors and cumulates” by the observance oO the 


ments of the “specifications” sag ‘should be’ made i in the specifi- 


a 
"There : are two obstacles to be overcome in profiting by specification writing 
a The first and-most important is the ignorance of the ‘ xs principal” ‘ 


existence of the various sources of error. . The second i is the reti a 
of “ self-sty ed surveyors to observe new ideas which are not consistent with 

acquired through years manipulating instruments. 


ndi overcom iret “principal” ¢ can be convinced | 
e economy which result. + ‘The ‘etailed analysis set forth will actuall 


AAW 


a post after | learning 
100, and that such difference i is 


f much more thine care in reading the intercept. In 


-oné out of twenty transits of various makes and ages, the writer found that — 
‘ten had al factor ‘of 100; seven, , of 99 or 101; two, of 102; and one, ——_ 


as The writer knows of engineers who have insisted { that plans and specifica- 


tions shall obtain consistent economy for ‘the client ; who, nevertheless, hay 
taken no cognizance of. the possibly large cumulative error involved in the 

‘stadia interval. _ At the same time, hey read horizontal. -angles in the | sam 


traverse with a magnifying glass. on a ‘a 1-min. ‘transit. 


#? One topographical survey for a large hydro- electric project, which kept four 
5 parties in ‘the field for six months, was made with no other important instruc: : 


tions than to “get two miles of traverse per day lay” Ne Several days ‘were lost in 
one ‘instance | in computing re surveying one traverse, ‘run with. two 
sits, which failed to close ‘satisfactorily”, only to find later that one of 
‘waa’ “out of adjustment”; that is, the interval factor was not 10 


assumed. Numerous examples of such uneconomical procedure m may be € 


Il of which hich might be eliminated by specifications”. 
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a in the slope and n note to nearest 1 per cent. 


‘ete is ‘certainly more reasonable and the 


application: to'some other | engineering data, such as flood flows. This is ‘espe- 


cially: ‘considering. the limited records ‘available | for most engineering cal- 4 


he probability. curve is determined theoretically ‘only by an infinite num- : 


ber of observations. In determining the probable frequency of a certain ‘maxi- 


mum flood, based on a limited number of observations which are under no 
definite control, the truth i is only. ‘confused by a mass of probability figures. In 


shooting. at a mark, ori in. estimating the slopes of the ‘various ‘courses of 


the. observations: are, under. vend the deviations. 4 


few, in io’ geod} ote dove mi 


ve alue of ‘specification writing for transit traversing, stadia leveling, 
or any other form of surveying,, can be, realized only if the field men under- 


stand and comply with ‘the specifications. ‘The wording and the minuteness 


“The writer believes that the “specifications” as outlined by the author ine 


the examples: given should be classed as calculations and notes. made by and 


for the principal in charge as a guide for writing the actual ee el 


These calculations and notes might be given the assistant in charge 
work so that the spirit and purpose of the actual specifications might ‘be more 


4 


easily understood. ‘The knowledge that partial derivatives and 2 a few ‘square 


4 
roots had been introduced might be conf using to some “practical” surveyors = 

d might r not secure the opera ion desired. 


for instance, the data given in Example 6. ‘The. -eight specifi ing 


ions listed under Section (d) are ‘the principal’ s notes. “The suggested work. 

ing specifications o be handed to the field ; assistant would read as foll ows: ea ae, 


pee 1) Compare e the tape with | ‘standard by stretching, between hubs (set per 


manéntly near at a pull, of 12 Tb, determined by a small. spring balance. 
ength to ‘nearest, 0,01, ft. and note from 


ve . @), Estimate ; average slope by. aid of hand le level for e each critical change _ 
(4) and | (5). Hold chain, parallel to tl the general slope of, the course, or on ; 


the ground, maintaining as nearly as possible, by estimation, a 12- Ib. pull. a 


Set flag on forward station and have. rear align, head chain- 


man ‘therewith ‘when deviation i is apparently m more | than 1 1 ft. ai gott 
6 ) “Stick pins or mark, ‘without elaborate care, so that i station is marked © 
measure all angles to right, with teles cope direct; 


read angle to nearest minute wit ut magnifying - glass; )reverse 


redings, Am. 
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ON. TRANSIT SURVEYING AND STADIA LEVELI 


cand read and: rec angle to right aga 


Chugh Int . taping, both chainmen shall. calculate all stations from 


in count and and check; (2) both chainmen . ‘shall, call and check. all 


(3). in measuring angles, duplicate all. “readings; and. (4). the 


Mostar for ca Iculating and removing ¢1 cumulates should b be written, n, 0 


a blank form should be for entering the corrections 
e proper sign, an e correc ed ch aining.., Job boven 


The, sixth ‘specification . under Section) (d)*, ‘stipulates. that, due to 


item (corresponding ‘Example. 6) that, the. precisio 
desirable for this Lally The author has stated in Item (d@), under “Source 


of Error, Chaining” that, “the effects of | errors of, alignment are exactl 
® similar of grade, except that they can be minimized “much “more 


easily.’ ‘The: writer. recognizes | the error due to alignment in the sensé of 
a chaining ks a curved line between two. traverse hubs rather. than ‘along a 
straight line, and acknowledges that. this error may be neglected if , a. sineere 
attempt is made, ito chain toward the forward hub. The source of. error, which 
should be controlled is. the “zigzag” deviation of the ends of the tape from 


the general Tine of. chaining independent of its general curvature. The, first 


error is similar to. that. introduced by chaining parallel to, or, on, , the general 
ground slope. without, ‘correcting to horizontal. This error | iwould.,, amount 


approximately to 0. 1 ‘ft. in Example 6 if the ‘average t offset. Si a straight line 
be etween hubs were 3 ft. _ The second error is similar: to that introduced by the — 
ends of the ,tape not being at, the same elevation in, ‘attempting to measur 


horizontal diatange directly, or by not , being ix in, a plane parallel, to. the. general 


slope in chaining according to the problem assumptions. ‘This error. would 
"amount, approximately to 0. 25 ft, in. Example, 6 if the average “zigzag ” devia- 
ion of the end of tape from. the general line of chaining were 1 ft....), a 


interesting point is developed in connection. with this subject when a 
comparison of the precision obtainable by chaining on the ground and remoy- 


ing the slope cumulate i is made with that obtainable by attempting to hold th 
tape and s et the point by plumb- bob 


2 


3 


Llevel), error in the corrected of traverse 


error in length per estimate. In Example 6, if there ‘are 
25: estimations of slope per’ station), the probable error due ‘to’ estimating 


would be 25 = + 0.30 ft. 
_ The author has assum at, for the remai raverse 
Th th h ed th t,. f the emainin half of the t 
tape is held unsupported and horizontally, but has allowed no hing for. he error a 


roduced because of the ends_ of the tape not being in the same horizontal 
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"This: rror would be 0. tt. the deviation from 


were 1] per cent. the average slope were 8%, oF ‘less, the prec eci i- 


sion ‘obtainable by the two ‘methods would be ‘nearly the same, me, with the- time 


dvantage i in favor of chaining on the round or parallel to the general slope. . 


ib... err 
The determin: ation of the e stadia constant within a probable error of 0. 1 is 


- unusual, at nd the method of obtaining it should be e outlined in 


for r field specifications. These might read as follows, for 


: we “Ten arbitr rary points on level ground and in line from the transit shall be 


marked up to approximately 1000 ft. The intercept shall be read to the = 
nearest 0.01 ft. on each distance. The distance to each shall then be taped 


_ and recorded to the nearest foot. The value of K for each distance shall then 


A 


caléulated from the formula, K 


assumed probable error of + 0. 003 ft. in’ reading thie intercept and of = + ft. 
in distance, which is equivalent to : a probable » error of +0. 3 ft. . in K. iy The 
a probable | error in the mean of ten determinations ‘would then be approximately 
+01 ft. The probable error in K could be checked more accurately by com- 


‘puting the residuals: for each determination afterward. _ Ons 


Bt sors 
Be ‘is necessary to have the proper perspective with regard ‘to ‘the = 
for a roject, in the same sense as a proper perspective is. necessary in ‘the s. 4 


conception of the project as a whole. Tn other words, an economical survey 


cannot be made by an -unrelate ed system « of n measurements any ‘more than 


structure can be built ‘economically by adding arbitrary units “to a 


‘The designer must visualize the component parts assembled, and “must know 


author i is to be congratulated on presenting a paper containing 


fundamental principles necessary to attain the ‘proper perspective with regard 


With. the. ‘possible; ‘exception of with the. execution of 


extensive surveys cover large areas, engineers have fallen into the | habit of — 
“using “more or less rule-of-thumb ‘methods of deciding what instrumental 


_ equipment and field procedure i is to be used for a given survey. It i is undoubt- q 
edly true that a vast amount of time and. effort can. be saved hy properly 


drawn specifications regarding the necessary accuracy. of the v various steps in 


the making of a su survey. Tt stands to Teason that such specifications should 
be based on thorough studies of the effect of the various sources of error, con- 


sidered singl y and in combination, o n the accuracy | of the final 


_ Proceedings, Am. Soc. C. E., 1928, Fapere and D. 2062. 
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i 7e8, wever, that n should be" jrawn for the 
classes of surveys rather than for individual surveys. Except, ‘perhaps, 


in ‘the case of ‘property surveys, , it is not usually known beforehs and what 


shape of the traverse ‘will ‘be, ‘nor is it usual to shave very “detailed 


knowledge of conditions to be encountered along the route of a given ‘traverse. 
Thi ‘is especially am in certain parts 3 of the ‘country where, within the small 

space éceupied by a far m of 100 acres, the: character of the land may vary 

- from almost perfe te flat bo tom -land to. the most rugged side-hill topography. . 


"The concept that an error must be an unknown quantity in both ‘si 
“magnitude is open to discussion. The error due to phase in pointing. ona 


signal is ‘certainly systematic, but its sign is not necessarily unknown. 
of a “systematic i is likewise open to ques stion, although 
true that, it, derives, ‘its, name and character from. 
n remains the same. ‘3 The fact that this sign is always i in doubt seems to 
subje Take, example, a cross- wind blowing against an 
tape... This certainly introduces a systematic error in the measure- _ 
_ ments, but the sign, of the error is positively known since it always’ shortens 
“the distance between the terminal marks of the tape and, © thereby, caus 


lengths maiden those $0 be too long. 201. 
That, th cannot. be eliminated by systematic 


or | 


we 


+na 
field methods a debatable subject. § Suppose that a line is 


taped: along..a smooth conerete roadway, and a finely ‘pointed pencil. is used 
x to the tape is. conceivable that a tapeman n might have 


~ 


Pus 


Now,, suppose to be progressing toward the contact 


_ man’s s right, as he kneels by the tape. . If he has a tendency to mark to the 
= right he will. be marking ahead, and his resulting measure will be too short. 

~ Suppose, then, that the. measure jis repeated in the backward direction, but 


that the observer stays on the same si side of the tape. ‘His tendency t to mark 
tot the right +t will. then ‘cause him t to mark behind and his measure on the back- Ps 
ward running» will be too. long., The m mean of the two measures should then 
be free : from his personal « ‘equation in marking. 
The first part of the definition* of a‘ ‘cumulate” represents what the writer 
is in the habit of referring to as a correction. Any systematic error insur 


veying that can be eliminated by calculation takes on t the character of i 
correction and does not affect the : agreement of the final results. b Any source. 
of systematic : error which can be, and i is, eliminated by systematic field method 


never appears - in the final diserepancies at ; all. It would | seem to be wise to ie 


‘retain the term, “correction” referring 4 to a systematic error for which an 


allowance is made by computation, . and, since the other feature of the definitio 
of a “ev cumulate”: fails to enter the. final results when 


 “Mistakes™ ¢ are the result, not only of confusion in mind of the 


“but also of confusion in the mind of the recorder or or from. 
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observation, they. are detected because; of their lack of conformity 


e when measures are repeated but, in, the | case of small mistakes \ of a size, equal 
to or only slightly larger t than an the errors of observation, . they m ay, be. gasil 


ixed up with legi trashed 8] 

mixe wit itimate error reat a rdin. ‘ 


_ Regarding. temperature errors in tape measurements: if the temperature 


e | tematic to b 
‘is assumed t to _remain constant, as suggest ted," ‘he, is systematic to, be 
: sure, but if the assumed | temperature is boween the maximum and minimum 


Actual y encountered during the course of the work the sign of the ‘error will 
change, depending on whether ‘this temperature ‘is above or ‘below. the actual. 


temperature at ‘the time, and the resulting errors will not be strictly systematic 
throughout the whole traverse. It is noted that, in Table 1,+ Pro ofessor Rayner 

values of E; to the: nearest 0.005 ft. ‘per’ 100 ft. The writer 


ry emt of 
suggests that this should be the 1 néarest 0.001 ft., in order to be with 


To use the telescope reversed on the backsight and on ‘the foresight 
the odd numbered set- -ups and direct on ‘the backsight ‘and ‘reversed on’ the 


foresight at the even numbered sét- -ups ° will merély * serve td: place’ the error of 
adjustment: of of the line of ‘collimation’ alternately” plus ‘and’ the 


instrument, progresses around the traverse.t ‘seems to the writer that it 

would better ‘to: let the’ error accumulate in closed traverse ‘aiid’ then 
eliminate by distribution ‘after the: traverse closed. ‘Theoretically, ‘this 


would | give correct ‘angle at ‘each ‘station’ where the suggested p proce- 


fe 
dure would make each angle in error’ by ‘the same amount, but with the sign 
changing at, each set-up along the traverse. In work in which considerable 


accuracy in angles is required, a reversal at ‘each station is desirable; ‘reading 


double. deflections or using the transit as ‘@ direction’ instrument will accom- 
lis h th rot od it adi vd ‘off ‘ah 
ior In -domparison of the computed probable errors, under the heading 

“Brrors Chaining and in Angles Combines the ‘author states tha t 'the 
systematic errors were eliminated from the' ‘closed traverse, but could be 
‘eliminated from the open traverse. This carries the idea, by ‘inference at ‘least, E 
that systematic errors in an open traverse are more : dangerous than in’ @ closed 
It i is true: that the systematic errors whieh operate throughout the entire 


losed | traverse do x not appear i in n the: final closure, ‘but 


"surveyor amd he happens to! wat: a closure on his to the initial 


ot Under Example 6, ‘Sub-division (a), i the permissible error (1 ft. t.) is sub- 
stituted as the probable. error in a , formula: -To the writer this seems to ‘be 
t the misuse of a perfectly good formula. The total permissible error should not 
assumed to he equal to the probable error.) 


Proceedings, ‘Am. ‘Soc. C. E., December, 1928, Papers and Discussions, p. 2642. 
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PAPERS AND DISCUSSIONS 


Society tb not responsible for any made or opinion expressed 


palin’ 


COMMENTS ON THE ‘DESIGN OF 
SLUDGE, DIGESTION TANKS 


4 


RS, P. Eppy, Joun R. -Wittem Rupotrs, “Epuund 


‘taking: place. in the art sewage since 1918, are somewhat rad 


For) many years, ‘the primary. effort was to a 


> 


> 


as being. troublesome, was as subordinated. in a “measure. The Present 
— tendency:i is clearly. toward. more. complicated treatment plants, ; and the division 


of the ‘processes into a number of stages. Jat 


Formerly, little attention paid to. the. matter of at 
treatment. plants. It was. ‘common practice to discharge w sludge. into 
lagoons, oron to open drying beds, often resulting in} the. 
‘offensive, At present, determined, effort. i is made to. prevent the escape 
of odors in so far as possible. ey Sludge.d igestion is now commonly 


has long been recognized that temperature has ‘a material effect. on decom- 
eo but. sufficient attention has not been given to this phase. of,the diges- 
tion process. It is well. known that, in the colder t climates, streams which. ar 


80 polluted as to create ‘offensive odors in summer are relatively inoffensive 


Water is so low that it ‘prevents the solids from changing materially, but, when. 


process, for six months of the year. The temperature of, the river 


summer comes, with. an increase 2 of 65° o or more, in water temperature, » decom+ 

*Dhis discussion, (of the paper by Richard,H. Gould,;: M. Am; .C. E., presented 

the meeting of the Sanitary Engineering Division, Asheville, N..C., April 21, 1927, and pub- 

lished in ‘December, '1928) Proceedings), is printed in Proceedings in order that ‘the views’ 
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MES position of the accumulated silide creates a load on the stream which is 8 greater é 


The digestion of unheated tanks take 
ditions, but by controlling” th temperature, as 
active digestion can be maintained continuously and i it is 


o reduce the storage capacity y required. ~ Heat may be provided by burning 


the gas evolved from the digesting sludge ; but this introduces ‘additional 


“plications | because of variations in the rate 0 of gas production, the need for 
regulation of pressure, and the necessity for ‘adequate precautions against 


__ Atmospheric . oxygen, mingling with the gas in a tank, » may form an an explo- 


Pit 
sive mixture. Such mixtures, containing ‘between BS and 12.8% methane, are 
explosive, and may be produced by ° any conditions such as ‘those following 


the partial removal of sludge from, a tank., 


z There i is difference of opinion as | to > the me mechanical equipment which sh : 
be provided for separate sludge-digestion t tanks. wx is practically impossible ; 


pens to introduce the sludge uniformly throughout ‘the tank. This difficulty may 
overcome in a measure “by artificial mixing. mechanical ‘stirring device 


may be placed at the of ‘the tank where solids are 
4 


but the solids m 


with ory clear water above and below. These conditions are 


although temperature and other physical conditions undoubtedly are ee 
AS. Some biological processes are carried ‘out most advantageously at certain » 


rather definite points of acidity | or alkalinity. It i is logical that there should 


an optimum reaction for the digestion of sewage sludge. ‘The 
be regulated by the addition of chemicals. Having established favorable 


digestion, it is important: to ‘keep a quantity of ‘sludge in the tank sufficient — 


In developing the art: of sewage treatment, in an effort to prevent offensive : 


ie odors, to secure a high degree of purification, and to handle ‘the sludge under : 


conditions, engineers ‘are’ introducing | processes and equipment 


ai tena 


ich add operating | ‘complications. These also add to the cost of design, . 


(Iti is difficult tos secure funds roper operation, it is difficult 
hnical knowledge and 


B 


% 


mechanical plants, Tike 


- that at Milwaukee, Wis, end like some of the separate sludge digestion ‘plants. 


‘The difficulties | ahead in. ‘the field of operating these’ plants constitute one 
of the most serious problems confronting he engineer practicing in this field. 


tog, 


eer 
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Downzs,* Eso. (by letter). the wr 
Mr. Gould stands out as of the greatest importance to the art ‘of 1 sewage dis 
| posal in that it sums up so accurately the present-day knowledge and informa-— 
»: Those who -h 


matter so. ably 


ee He. suggests that inert material might settle out in digestion tanks to th 
extent. of, decreasing the available digestion space. In reply it may he stated 
that in tanks, of th the design shown by Mr, Gould} which are practically flat 


bottom tanks, only from, 2. Q to. ‘4 in. of. gritty, inert material has settled, ou 


“during a period of _ two years, notw the fact that a grit chamber 
“installed at the end of the two-year Period removed a about 6 cu. ft. of grit dail 


from the incoming sewage. in the ‘settling tanks and flow channels the | gri 


tends to eparate from the sewage and from the thin watery ‘green sludge, but, 


in ‘the digestion tank, it becomes rather intimately incorporated in the ‘more 


ripe sludge : and i is carried out with the latter. This ‘specific 

tion was not available at the time the | paper was prepared, Aa 


Ruvowrs,§ Eso. (by letter). |—This admirable paper is one of the 


oT 
_ best attempts to bring together and apply the findings i in this field during the 


few years. In this case ‘a discussion from the » standpoint of an investigator 
must confine itself t to supporting evidence and possibly to the emphasis of som ¥ 


details of practical interest to the e designing engineer. titty 
oui The. course of digestion of fresh sewage » solids - is essentially the same i 


septic tanks, two- -story tanks, and separate sludge digestion tanks. However 


— the. difference i in, . the construction of these tanks indicating their u use se is ¢ Ps 
4 great importance in connection with the digestion capacities and the “manne dae 


operation, In septic tanks and two-story or Imhoff tanks, two distinct] 


must take place within the same tank, and in the case of an Imhoff tank ‘there 


a more or less intimate connection between the 1 upper and lower ‘compart: 


. In can Imhoff tank, sewage solids settle and fall through the slots and 


are supposed to remain there until they are decomposed. . This” is only partly 


true, since the solid ‘particles (except a at the ottom of the tank - when very, old 


“gludge, is present) are. in constant. motion, either up or down, depending « on 
whether or not the particles carry entrained gas. of this material as 
well, as. a part. of the. liquefied material. is displaced ‘by the incoming fresh 


- material. _ The displaced materials leave the tank with the effiuent. Fro rom the 


By December, 1928, "Papers and 2008) 
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bta: 
best the ‘solids marty liqueied 
should be ‘prevented from rising and contaminating the effluent. abula 


ith separate sludge digestion tanks the replacement dischatge: does ‘not 
take place; or; in other words, practically the whole volume. of material ‘added 
must be withdrawn. Studies on operating tanks ‘that treat fresh solids: have 


shown ‘that only” from 4 to 8 8% of ‘the! volume is reduced, biological 
activities and abous the same percentage when activated sludge i is digested 


Obviously, w thin’ fresh’ solids are kept in a tank without 


tration the digestion capacity would be much greater than in a two-story tank. 


i r Te 
A Fortunately, fresh | solids that are added to @ ‘tank separate, quickly’ from the 


water. . This takes place in separate sludge digestion tanks as well as in Imhoff 
tanks, and thickened sludge in ‘separate sludge tanks can ‘be ob tained b by 
Nie decantation, whereas i in Thott tanks the decantation process ‘takes place ¢ auto- 


matically, ‘although it dannét’ be controlled. With control, the o operator | is 
able to prevent contamination of the effluent from the settling units and 
_ thereby prevent possible: nuisances due to odors and difficulties in overloading 


ng - Little information i is available on the condensation of ed from domestic 


sewage. Decantation of the comparatively small quantities of supernatent 
liquid i is rather easy, but the’ question arises’ at oneé’as to how fat such dis- 
“ lacement of Ii liquor may be carried. d. Exhaustive laboratory experiments have 
shown: that ‘sludge ‘concentration ean ‘to a degree! 


| The longer the digestion te? Tangent is. 

Assuming operation, the effective digestion capacity. a 


ink. As soon as” is practiced the digestion capacity of a 


— 


=e is considerably Tess. This’ is ‘especially ‘true’ im ‘cases in’ which | 
heat is applied. b Heating of a ‘separate ‘sludge tank is a comparatively simple 
at matter, | whereas experiments conducted by: Dr. Imhoff to: heat’ the’ digestion 


*. 


compartment of an Imhoff tank failed ‘because: the ‘temperature eould be raised 
only from 2 to 3° F ahr. without éxcessive heat supply: Moreover, too great 


quantities: of hot water introduced would tend a sludge. 
boi the Past, the designer’ did not have available : a nuriber of fundamental 


facts. | Several factors influencing digestion, such as seeding, temperature, and 
; -feaction, have been investigated and are now largely available to the engineer. : 
ek few curves are submitted herewith to emphasize and illustrate the ‘more | 


4 


4 


factor known to’ ‘the writer ‘at Present is 


ns and their 
enzymes, responsible for rapid the. necessary chemical 
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“The of temperature is second in importance 8) 


digestion ‘time required, unseeded fresh solids at 50° Fahr. require six. 

longer than | material digested at 82° Fah hr., which is considered the 


- approximate optimum. Only at very much higher temperatures could it be pos: 


sible: to ‘reduce the digestion time further. 4 ith properly seeded mixtures 
digestion at’70° Fahr. is nearly -fiye times shorter than at 50° Fahr. 


Mthough ‘the information available is comparati vely s scarce, the : average ‘year! 


“temperature | taken at a ‘number of sewage d isposal | plants varies ‘between, 52 


and 68°’ Fahr. It ‘haat’ sludge heating is of great i im- 
‘in''a horthern lima e, although t should not be forgotten that ‘the 


average yearly the material in the sludge digestion tanks at 
pare ¢ j i 

Baltimore, Md., is only 52.5° Fahr. This s brings up the ‘important: question 

tia proper insulation of Maenient tanks, ‘If tanks are built above ‘ground there 


fhould be an earth fill around them, although it might be better if 
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Fic. 8 OF TEMPERATURE ON . 9—EFFECT. OF REAC ION ON 
OF SLUDGE DIGESTION. Rave or DIGESTION, 


a e reaction of the medium aud the gross 
activities of the micro- organisms is shown in Fig. For convenience, the 


wage solids, with th the reaction _ 


controlled by hydrated , Jime is “compared with | gas production of a a mixture : 
digesting under “n “natural” conditions. — It should | e kept in mind that this — 
cannot always be done, because under certain circumstances liquefication might | 


too ‘great. Although lime ‘initial | gas production, the a amounts Pro 


than one-half times: the ptoduced\ from the unlimed i 


potion ou t by Mr. Gould* the gases” produced by decomposition of 
e sludge can be u utilized for heating the sludge, blowing air, | running» 5 


"pumps, ete. 4 The tendeney is to heat the | tanks by means of closed circulating 
water | systems with coils r running ‘around the tanks. It is: obvious ‘that 

4 uch coils should be ‘continuous . The writer knows of only one case in which — 
the heating placed vertically instead of horizontally, namely, in the 
new tanks bu ilt for the e digestion of screenings at Milwaukee, Wis. _ Offhand 


2 it would seem tl that vertical coils are better 1 from th the standpoint of water cir 


cul ation and possible aking. . Exp periments | made at _ the’ New Jersey Sewage 
Experimen t Station have shown that water heated to 140° ‘Fahr. : 


 eakin g. Further experiments: s along this line would be of ‘interest, 
Since nearly. the same volume added to a separate ‘digestion ‘tank mu 

withdrawn, means for withdrawal of supernatent liquid are 


5 overflow at the top might carry” y with it 


“take- offs” at different levels would facilitate operation. i 
“Ih addition to what Mr. Gould statest about evil oading of tan 


be 

based on sludge digestion capacity per capita, it should be kept i in mind that 
with ‘improved | settli ing of “suspended solids the volume of sludge to be. handled 

by the digestion tank increases. ‘Neturally, when more solids are in 
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BESSELIEVRE ON. esto SLUDGE D 


a. _tank the volume of sewage to b handle oe: a casi 
(like sprinkling filters) can be increased. _ Moreover, when. solids are settled ee 


without contamination of the tank @uent by the partly decomposed material oe 
emerging from an n underlying digestion unit, eat, emanating from such 


plea 


Aa, (by. letter), phase of 
in sepa-— 
rat ta) At more is being given to 
igestion of the solids. obtained from settled raw municipal than 


to any other phase of sewage treatment. ‘gai +e 
Within the past few years a great amount, of. experimental work, both 


laboratory and scale, has. been carried on. with the v iew to deter- 


mining the important. in, the. digestion of sewage solids, for use 
in necessary structures. work is of value; 

it has enabled. engineers to appreciate factors. that. have in 

4 the past, and to make obsolete plants” successful, gits 

On, the other hand, abstract. theories derived 


produce results on a large scale, unless all the and eco 


tae 


The of s to produce—in a short period 


of time, without odor, unsightliness, or other huisance—an inert, inoffensive 


sludge which may be dried in the « open air or otherwise disposed of without 


ffense. This sludge should be of small volume, low in “moisture, and free 


i 


‘In small plants: these results shouldbe © obtained with ‘the “minimum of 
“manual attention and in 1 minimum 1 area. In large plants, area’ ‘is per- 


haps” the greatest consideration | because ‘adding one two men may be 


Observation made in the period since’ 4995 clearly demonstrates that 2 


results may be. obtained. When the digestion of the organic solids is 


represent only 40% of. the « 


a smalle® area of beds is required. : 

plan beds wie ‘continuous use of all the drying area may 
be ‘obtained ‘regardless of weather, further reducing the area required. — Ih 


small plants, where land is cheap, glass- “covered beds at about $3 per sq. ft. 


may not be more economical than open beds, but this would seldom hold true Bie 
a larger plant. mot tead od of, er oF 
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by (by Observing the progress of digestion ; ou! Sis git 


~ 


and ttilizing the of digestion; 


Moving sludge from one part of a tank to another. Bo 
In the older plants it ‘was impossible to achieve satisfactory 
“resis without providing ‘much sludge storage. This, in general, has been 


due to the method operation and not to. ‘any ‘unusual characteristic’ of the 
ewage or its organic solid content. 98 


As As Mr. Gould has: shown,* the! first! ‘in the ‘digestion 2 is an 


“fermentation, which: is. followed to completion” later by an alkaline 
aeries. “Modern: research has clearly: shown’ that if tank is "filled ‘with 


A sludge un ergoing acid decomposition, the entire tank will be acid. Un- 
less this is overcome: artificially, sufficient. time must be allowed for ‘the 


natural reaction to take » lace. _ This means large volumes, large tanks, and 
large | consumption, ‘Dr. Willem Rudolfs others have shown, 


. however, that if a, fresh, sludge is added. daily to a a tank filled with. a mass 


already alkaline, the acidity created by the new raw sludge will not upset — 
the, reaction. of the tank, and alkaline ‘digestion will continue. This Aaily 
proportion has been ‘roughly placed at from 2 to of the total. 4 
‘s that is, ‘not more than 24 hours o ld, preferably 8 to 16 hours, is defined a 
po fresh, raw. sludge, To obtain these results is not. difficult and requires little 
technical skill. plants that require only. the part, time | of one ordinary 


laborer per day, successful ‘sludge digestion has_ been accomplished over 


periods of years. Naturally y warm climates are. more favorable to. continued 
< bi wat > 
digestion, but records “show equally “satisfactory in cold. northern 
Mr. Gould discusses" the modern method pressing the enyiron- 


ment for ul dis ‘hyd drogen-ion _ concentration, expressed as 


| 


pH-values. pparently, & misunderstanding is current. Several investigators 
found that the pH- “range for. best results varied from 7. 2 to 7. 6, others 


; to.7 4, 6, , or even more, Some operators: have taken dia to that 
is 


i necessary to maintain a pH-value of 2 at east 12+ 2 to 0. 1, 4. This is not so. 


If 12 to "4 ‘is found to be the best range for some ‘ohisiet no one ost 
nfer or claim that it should be applied arbitrarily to | every case. Fxitenattios 


values of 1 and even in low a 


s 6.8 have Produced = 
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OF SLUDGE DIGESTION TA TANKS 


| 


results, Uni a certain pH- value is necessary. to 
‘produce good ‘digestion, no extra money should be spent on re-agents to 
‘procure ag given, degree. ‘of alkalinity. Only. work, (ean. deter- 


or PH- “VALUES MAINTAINED AT. Various. 


ni baw Hind 
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of 
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7 
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0 
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The fluctuation i in necessary values i in n different plants is shown: in 


‘The customary ‘unit of “cubic feet per capita” has led to’ ‘misunderstanding 
because it, has hot been clear whether it “wast on 


Ca 


con- 
“tent of the tank ‘from the Bottom ti point ft. below the over- 


2 flow. This ‘point is) taken ‘to prevent the ‘discharge of sludge through’ the 


As ‘temperature is. important for -produring ‘year- “round! digestion, 
tion’ tank for warm climates would require léss volume than one for 


climate.» the warm ‘temperature ‘favors uninterrupted digestion through- 
_ out the year, aside from all other considerations, th this would ‘warrant the use 
of ‘a’ small volume per capita. Conversely, i in ‘colder ‘climate for tonths 
digestion. is inhibited, and the tank functions: as a ‘storagé tank only; ‘theré- 
re, sufficient volume must be provided to accommodate the daily’ ‘sludge 


~ contribution. for the dead period. No arbitrary scale of the proper volumes 


ver capita can be stated, as other elements: besides ‘temperature ‘influence 


speed of digestion: of a ‘favorable alkaline’ environ- 


the: of the sludge it itself, and the character ‘of ‘the 


industrial wastes | contribute a extra’ Toad of aélids ‘pro: 


ducing: acid products as to require from three’ to four times as ‘much’ volume 


Tanks without artifical temperature regulation, and whieh the 
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x i 
toma ‘the year “with a minimum n of capacity. 


Design data of fifty-one plants She in “all parts” of the! United 


tanks is 2. 87 cu. ft. The range is from 1. 15 to 12.0 eu. = , the latter being 
for a plant having a large proportion of industrial. wastes. 


Shape-—Assuming that control temperature and reaction is to 


provided, th the next consideration is the of the tanks. 


States since 1923 show that ‘the average per capita volume in the digestion 


omitting baffles and intricate sections ‘decreases the initial cost. The 


simplest form is a vertical _eylinder, with no internal walls. or baffles and a 


relatively flat bottom. This : simplifies form work and reduces Aer 


reinforcing ‘steel, at the ‘same time producing the strongest ‘possible wa ll. 
It assures "speed construction and avoids the occurrence of pockets 


Practically all, the tanks built in the United States and Canada 


1924 | have been cylinders. have flat bottoms, cleaned 


chanically others have cone bottoms, depending on hydrostatic evacuation 


an the sludge. Some have flat roofs carried from the tank walls; the writer 


agrees with ‘that. domed r roofs: not. difficult uneco-— 


mulation of volumes of which may 

if, air is admitted tc to. the tank. In modern tanks, with the liquid level 
maintained. at the bottom surface of the tank cover, the only available gas 
 eollection : space is the small dome an nd the danger i is negligible. 
The number of tanks: | required is a matter of argument.>>/A study o of 

fifty-one plants. constructed ‘since 1923, shows that in all except the largest 
the: number is usually two. As tanks up to 85 ft. ; in diameter have been 
in _ operation | for some time, and those of larger diameter may prove | equally — 


less, economy. is best. served by fewer and larger. tanks. As. digestion tanks 
are provided for the sole purpose of allowing organic solids to undergo a 
atural Process of decompos ition, a a larger capacity than is ‘Tequired at. 
tart is no detriment. ‘Therefore, fluctuating p population is. not a good argu- 
at 
‘is, transferring sludge from one tank over ¢ controlled digestion 


in one tank, no economic purpose can be served by 1 more than two or three 
Furthermore, in heating one or “two large units, the loss: due 


it should be possible. to maintain more heat 
, as t the_ ‘ageregate wall area of f the larger units will be less. 
Furthermore, in. places where. mechanical units are used for distributing 
collecting sludge and releasing gas, few large units. 
less to operate than a larger number of small units. 
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ON: DISION OF SLUDGE DIGESTION 
Operating —The next considerations are the. means for ¢ 
“trolling. digestion an d_ temperature, for collecting and _ utilizing 
- digestion, for eliminating scum, for mixing new and © shu ge, 
‘one of ‘the products of digestion is gas, which when, i 


; uantities in ‘the atmos her i 
quantities Im tn ph productive of obnoxious od od 8, the 
as expressed by Mr. Goul d,* is toc cover the tanks... is true re- 

gardless of locali y. Tanks operating, for instance, in South, w would 


normally require covers, because no ‘for heating the, tanks, 4 


‘and, for ‘collecting the ‘gas + 
int of ‘control of odor, an tank is never a certainty, there- 
even in warm climates, covering frequently advisable, “especially 
where plants are close to _Tesidences. _ The gas may be burned merely. to 
‘provide a ainst "odor, or be used as source ‘of, h r ras 
required. In any section where a period of cold. weath er may, reduce the — 
tank temperature to the danger point, heated and covered tanks are proper. 


bigs Research and observation show definitely that a separate sludge “digestion 


modern digestion nite. ‘controlled tem: rature, and ‘reaction, 


treating an average municipal sewage, Il produce sufficient gas | to. ma 


tain the optimum digestion temperature throughou the year, and, , in mos 


% cases, will provide heat for, the plant buildings and, frequently for t 
ed beds as well... economy is at no 


wie for ie. ‘eighteen, months beginning J uly 1 


onth. The total production of gas was 2 300. 000. ¢ 7 Assuming “that 
had heen,aold at eaters of per 10 00 cu. Hh fe low rate for 


the gas produced have offset, the entire cost of for the 


‘ period. Asa matter of fact, the gas was used to heat the digester and the plant _ 
_ buildings; if the required gas had been purchased locally, it would have cost : 
$2159 25 per month. | If soft coal had been used, it would shave cost more than 


000. ‘an ordinary circular ‘tank, the apparatus im ‘cost 


and simple ‘to operat 


e and control. 4 ont 


th reaction control scum may but, as ithe | states, at more I i 


occur within correct reactions. ‘Scum ‘that forms in tank with gas 


_ lection’ domes in ‘cover prevents the free | and even disch: of 
and may y interfere with the uniformity of flow ‘to the heating system, Te- 


‘a holder of considerable volume to | equalize the. flow. A tank 


équipped ‘with ‘a revolving mech anism ¢ to break down n the scum continually 


will provide an even flow of gas and obviate the gas-holde t except in very 
large 'p lants, ‘where it is desired ‘to ‘store the surplus g as during ‘periods 
mechanism of this type is shown in Fie. 3. 


* Proceedings, Am. Soc. C B., December 1928 Papers and Discussions, p.: beet 
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digestion tank, closed one e, should be kept £ full of 
and liquid at all times. _ Withdrawal « of sludge ‘to the drying beds “will cause 


3 a the | level of ‘the liquid in the tank to lower unless the period of ‘withdrawal 
is ‘timed to correspond with ‘the period of ‘sludge _ Tt: and, this is a 


simple accomplis ment. _ Itt the over- flow pipe is trapped and ‘baffle prop- 

erly, there will be no chance air. to enter the: tank withdrawal 


and little if any chance for solids to pass 3 out of the 


tos) OE week ap Sushi. 

The liquid | displaced froin the digestion tank is naturally equal in vol- 

me to the amount of sludge put in the tank, except during ‘the period when 


sludge i is s being w ithdrawn and admitted ¢ at the same time. A large number 


"of plants return this” displaced liquid to the inlet side of the. sedimentation 


units. Most of the sattleable: solids that might ht pass out of the tank 
with this  Hquid are re-settled and returned to the digester, and the volume 

of this liquid displaced in any day, as ‘compared to the total volume of 


Sewage flowing through the sedimentation unit ‘during the same ¢ day, is 


. so small | that, in general, this eturn of displaced liquid would. not upset the 
operation “of the sedimentation tank.’ ‘However, several State Departments 


of Health have issued ules requiring the trea of this disp laced Tiquid 
"separately. “This usually entails only the construction of a sand filter. 


Dig estion tanks may be heated in several ways. ; The simplest and _cheap- 


is circulate the heated water through the digestion tank by coil 


of pipe on the walls. The first form used was similar to the fac- 


tory heating coil ‘with several pipes ‘running to manifolds at ‘each end. “This 


was found to give a little difficulty in heat loss and ineffective hedting « of all 
‘parts: of the ‘coil, so that the favored type” is ‘spiral “Fanning ¢ completely 


around the inside face, starting about. : ft. from the bottom of ‘the tank 


having four six complete. ‘turns. “As the’ hot water must go. in one 
end and out of ‘the ‘other, there can be no tendency ‘to clogging or slug- 


_ Observations have shown that initial ‘temperature of the he hot 


should be sufficient to transfer approximately 20° Fahr. to the sludge to 


maintain the optimum range of 75 to 80° °F ‘ahr. There is, however, a danger 


- point: to be avoided here. If the initial temperature is too high, the sludge 
‘may dry and | cake too rapidly around the sludge pipes. _ This. will: make them 


_ ineffective as. heating: units, and cause a continuing increase in, the initial 
a _ temperature of the water. _ By experience even in the extreme northern sec- 


tion of the. country (Antigo, Wis.), an’ initial temperature of 120° 
will allow continued satisfactory operation and no caking will result, 4 torte! 
Other means | of applying heat to. the sndge have been suggested, such 
ho ot water through it, depending on the convection currents to 


writer _ believes that this method will entail 


passing upward it will ‘not diffuse eey the entire mass, 


upward i in streams through the sludge, heating only the portion directly. adja- 
ate than & 


will 
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: 
‘When the sludge i is digested, it should be elt to the dry- 


"ing beds, thus: freeing ‘space for new sludge. If hydrostati¢ ‘evacuation 


- relied upon solely to move ‘the sludge, this evacuation will not be complete 


and ‘certain volumes will remain upon the walls and bottoms, -caking and 
eventually x reducing the effective digestion’ ‘space. True, this “be pre- 
vented by sprays of water or air operated at the time sludge is withdrawn, — 
or by hand- -squeegecing the slopes; but there will be no guaranty. of com-— 
plete evacuation. The addition of water increases the moisture of the 


top of 


sludge, t the driving period, and» the volume of over- flow from the t 


the tank. is apt to cause flotation of solids, forming scum. 
squeegecing intro duces element cost, and. is not entirely satis- 


Any of these three “methods 1 requires dewatering ‘of the 
- and careful cleaning of the surfaces. By | means of a mechanism (see 


ig. 3), complete evacuation of the sludge may be obtained, 
2 = If the sludge is allo wed to compact in the othiion of the tank, without 


any ‘attempt a at stirring ‘to procure an an admixture between the old, ‘partly di- 


"gested sludge and the new raw sludge, digestion will be stratified. By pro- 


a means for ‘gently stirring” the mass, keeping it Porous, and 

“tay ¢ he continuous upflow of the gas in ‘small. bubbles, “the formation 


thick surface scums, which i is so ‘common “in many tanks, is prevented. 


One of the recognized features of modern plant: operation is the control 
alkalinity the ‘digestion tanks. “This ‘usually’ ‘consists of adding suf- 


"ficient lime to to the sludge to ¢ overcome the acidity. “tt is simpler to add the _ 


quantity ‘of ‘lime required directly + to the daily volume sludge th ran 
to the entire’ tank volume. Hence, the tank ‘which permits this will an. 
unit in operation. ‘several’ cases in the writer’s experience 


with ‘plants of this” ‘type, when no attempt at reaction ‘control | was made : at 
the start, it has been found that after a period the entire t tank contents ‘were 


. It was then necessary to add’ sufficient lime. to the tank to bring 


the entire mass to the alkaline sludge and after that to adds st ufficient 
a haw each day to the new sludge admitted to m ; 
tests showed that the tank entirely in ‘balance and. ‘the daily 


addition of new ‘sludge would “not “upset it. This was a very ‘simple 
operation with ‘the n mechanical ‘type’ ‘of digester. The’ lime ‘fo r correcting 


tank” "mass simply dumped in at the top of the and the 


mechanism worked it ‘down into the e sludge; the lime required for the cor 


of ‘the daily volume was added in the ‘open ‘flume where the ‘sludge 
received from the pump at the ot of the tank. In one case (Lakeland, 
-Fila.), this: entire. operation oceupiéd a period of ‘about six weeks, and since 
ada ew: tank has operated most satisfactorily, without odors and without 


- the addition of any lime for more than two ‘years, 


Distribution of sludge to all parts of the area of the ta nk is 


“procure ‘the prompt seeding of the raw sludge and to’ insure. complete 


igestion. The mechanical 1 type’ of digester provides this, as. ‘the ‘revolving 


mechanism t tends to to ‘distribute: the ne sludge thoroughly to. all points: in the tan 


In the writer's” opinion, the entire ‘question of design is most important 


ers in general cannot give too m much time to the consideration 
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manner, The, trend of thought as. 


forees. with the municipalities in the study the problem, 


“DONOHUE ON) DESIGN oF SLUDGE DIGESTION ‘TANK 


every factor in the endeavor to Prodyce. plants which will function in 


works is is. rapidly changin ng f for the better, g and municipalities now are Sie 
on them, as_ utilities and are “willing to spend the sums 


proved means. for. slodes. may: be. constructed with safety, ir 
sections: close to residential districts or near main highways without being 


“ 


considered eyesores oF “sources, of nuisance. Biel. 


ot 


ERRY Doxonve,* Esq. (by letter). t—The the art of sewage 

posal actuated by aj public demand for better rreatment plants has 

protiotineed im the period ‘since 1900 ind indications point» to. “still 
the science in ‘the, Problems of sewage disposal 


are ‘now “public questions _ Which deman study nd analysis not onl 
municipal officials but by the taxpayers who are called upon pay the bill” 
and) who ‘are. demanding better treatment plants. They insist that industries ; 


stop the pollution of streams by constructing sewage plants or by y combining . 


af 


‘As has been so o clearly by the author,t separate, digestion and 
design of be have bout by. scien tific 


research, and the ‘development: is ig merely. a link in. the chain 


of progress made possible by knowledge of the plants which have’ 


demonstrated these imp in successful operation. of the ad- 
vantages of separate slu di estion may be classified as ‘follows, 


First —Simplicity of Construction.— A separate sludge digestion plant i is 


built of : simple ‘concrete digestion. tanks ¢ are constructed abov 
the water- table, and do not entail unusual construction cost or -expensiy 


_ Second.—This type of plant is operated mechanically. _ This i is a decided _ 
advantage to the smaller, communities, because it compels, careful operation. 
_ The old type of sewage disposal plant, when once installed, was “neglected and — 


ignored as the municipal authorities paid little attention to operation. ‘The 
mechanically operated plant requires ‘attention; therefare,.. the process 


sewage purifieation will go on more efficiently, and: hettar, be 


Third. —F lesibility as to Expansion. — —Kither,: the sedimentation unit or the 
igestion | unit. may be enlarged and thus maintain a balance between thera It 


nditions should arise which would require an expansion, of the digestion 


ompartment, this. ca n be. accomplished by. merely | adding another digestion 


stage _ Fourth.—The separate sludge- digestion type of plant i is s better adapted to the a 


“collection of gases than most. other types, as the gases can be trapped, in the 
digestion tank : and conducted to a gas burner, thus utilizing | a waste, produc 


for heat and power and increasing the efficiency of the plant. son ey ii! 


* Cons. Engr. (The Jerry Donohue Eng. Co.), Sheboygan, 


Am. Soc. E., December, 1928, and ‘Pp. 2657. 
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Pifth. _The period of made 


the sludge may be extended toa full twelve months, whereas in most, types 
of plants the digestion proces stops just a as soon as the temperature drops 
below 50° Fabr. By adding heat to the ‘sludge, the of can be 


western and northern climates, where the: temperature ranges from 30° below. 


The cost: mechanical operation i sludge digestion plants is 
very y small. The Hartford, Wis., p lant v was s the first of this kind in the State 
of Wisconsin. ‘The cost of “power to operate this plant is $15 per month, or 
about 60 cents per day. This includes all power necessary for motor os ‘ation 


pumping of sludge, and | the lighting necessary in the buildin 
The tota annual. of ‘operation of the plant at ‘Antigo, Wi 


‘ing power, light, chemicals, etc., is 643 cents per capita. From this cost, xe 
ever, should be deducted the value of the reclaimed gas, which is utilized in 


heating the sludge i in the digester. — the value of this gas is credited « 


rate charged by the local utility company, it would reduce the cost of opera- 
tion to about 18 cents per capita. mae 

> Separate sludge digestion tanks should be bui ti ht covers. to prevent 
odors from escaping into the-air and to permit the « efficient collection. of ‘gases. 

The type of « cover usually recommended is a concrete slab constructed so as to 
“permit it to expand and contract with the temperature. This concrete s slab, 
which is ‘supported by the circular side walls and through the center by the 


‘same truss that carries the operating mechanism that agitates the sludge, 1 


on of the ‘supporting v wall, , the joint j is s keyed i into > the concrete. 


full circumference. The joint is filled with asphalt which 


the ¢ copper strip to ‘elongate under ‘the stress of the moving concrete top, the 
copper being firmly held at both ends by its embedmnent in the concrete roof ee 93 


slab on the top and the concrete wall on the bottom. . This form of joint makes — 


the digester | both water-tight and gas- -tight. of 


When sludge i is withdrawn from the digestion tank, the level of the liquid in 
this tank is lowered. . This raises the question as to the advisability of having a a 


gas container in series with the gas line so that after ' sludge i is withdrawn, gas 


will follow back ‘into the | digestion tank to to take the place. of the liquid that 


has been removed. A gas container, with a capacity of one _ day’s 8 or two day 5 

supply, would have the further advantage of f stabilizing t the flow of gas to the 

burners and ot supplying g gas ‘during the time that sludge i is | being smitty 

or while repairs are being made to the ; gas s dome r digester. 

is predicted that the development of the next few years will 

a a combined of plant of activated ‘sludge with separate sludge -diges- 


tion, using the better features of each type... ‘This combination will enable 
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tion of the sludge by ‘This will 


‘problem for communities that experience difficulty disposing of their 


"sludge, for by digestion the volume is reduced : 40%, ‘and the residual sludge 
dries readily and makes a a good fertilizer. GE 


- The Antigo plant seems to be producing approximately 1 cu. ft. of gas per 

capita | day. Assuming a conservative estimate of 0. 8 cu. ft. per capita per 
day, the annual value of the gas based on the local utility rate would be about 
$0. 45 per capita. The heating value of the gas, determined by analysis, 


averaged 550 B. tu, ‘Per et cu. ft. ” 80 a recovery of 1 more > than 400 B. t. u. per 


is 
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35 
‘This Society ign t responsible for any statement made ¢ opinion 


Sonwause, 


SACOB Assoc. Au. Soo. C. E. (by letter). $—The author opens up 


subject. which can fill many volumes, a’ and which is the basis of 
tural design, and then discusses in | detail one phase of the aa aM 


_ the true action of two types of structural members acting as beams. | 


_ The great , majority of present- -day designs are based on formulas ra are 
known. to be purely approximate. Th The unknown as well as the omitted factors 
in determining maximum stress, are provided. for by the use of a unit stress 
which is admittedly much lower than that at which members may fail. Thi 


method, of course, cannot be as scientific p rocedure and as ‘its 


have been, known, ‘to fail, 


It seems 
‘vhefore procedure can be (1) type) of stress 
causes failure ; (2) what i is the actual distribution of stress. through : a sectio 

and (8) what 1 re-distribution of. stresses 0 occurs in a section. when one fiber is 
_ stressed beyond its elastic limit, . The writer makes no attempt to discuss anit 


ix Of course, it is fairly simple. to ‘determine all the possible loading. 
- tions and, if time is available, to investigate stresses resulting from every 
—— loading ; but the maximum stress which exists under any one condi 


tion of loads and the true excess of strength before failure occurs: cannot be 
determined so easily. ‘Tf failure has occurred, as in a test ‘specimen, the 


This discussion (ot the paper by H. Richmond, published in January, 1929, 
a _ Proceedings, but not presented at any meeting of the Society), is printed in Proceedings in 
order that the views expressed may be brought before all members for further discussion 
$ Received by the Secretary, January 16, 1929. 
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‘greater th than stresses. "The true, or resses are a 


‘refinement | over “the ‘apparent stresses: caus by th e additi ition of combined 


normal and shear stresses as opposed to normal stresses only. 


’ Experimental determination of stresses in ° various members acting in bend- 


has shown greater stresses than those calculated by: the ordinary empirical 
methods. However, the measured values agree closely with those computed by 


the ordinary elastic theory if due allowance is made for lateral | strain (Pois- 

In dealing with beams sities Vastias and torsion the author has introduced 


a subject i in which the ordinary analysis gives. ‘results iS that do not agree with 


‘experimental’ data! Tt only “necessary to ‘point out the great variation 
_ between analytical and experimental results, for the effective polar r moment of 


inertias as tabulated i in a report of “tests ‘on the torsional strength of steel 

“a The effect of torsion on beams i in ordinary building construction, * , although is th 


“never considered in 1 the’ average design, i is marked by: unsightly in “many } 
structures. This is especially apparent in spandrel beams int concrete ) struc: 
tures which | very often show cracks on the exterior face at approximately. the 
- quarter points of the span. - Similar torsional strains are visible on steel build- 


ings, in which case the brick ‘or stone facing shows “open jomts. 


that ‘However, in the type. of frames for which the author develops his theory, 


the effect of torsion due to eccentricity ‘of loading can be included in the 
analysis. It must be remember red, however, that “experimen tal results also 
show a variation of shear stress across the depth of the web, the shearing stress 


being much greater in that part of. the web nearest the loaded flange than near 
: the: unloaded flange. po Therefore, if a beam first has an unequal » ‘unit shear 
; _ Stress in the web aren; even with axial load, the condition of neutral elastic 


‘equilibrium used by the 2 author as a criterion 1 for the strength of a a | beam, must 
take into account the combination of shear and tension or compression at the 
of the web and flange areas near the loaded flange. 0} 


| With reference to the: author's discussion of the ‘proper use | of channel 


members as beams, »§ it is proper that several contributions to the subject be 
1umerated. In ‘a thesis presented at the University of Zurich, in 1920, 


H. Schwyzer proved mathematically that i in order to ‘produce bending without 
ci twisting, a channel section must be loaded by forces parallel to the web and 


giibuol acdt ffx ot olqatig gluta? ti TO 
8 distance, ——--,,-, from the back of the channel. The factor, b, is the width 


of the flange, F, is the area of the web, and F, is the area of one flange. a 


_ *“PThe Strength of I-Beams and Girders,” by Herbert F. Moore and W. M. Wilson, 


‘Bulletin No. 86, Eng. Experiment Station, University of Illinois, are 
Bulletin 4, Univ. of Toronto, 1924.00 


 t*Observed Stress Distribution in ‘Web of I-Beam,” by O. H. Basquin, 


Papers a d ussions, p. 8 


— sh of stress causing failure often can be determined from an inspection of the fA 
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the stresses: has be en devel- 
oped by Dr. A, Other contributions to the subject are those 
are of Maillart+ and Zimmernian. + These men have checked their analyses against: 
re a the experimental work of ‘Bach who found among « other things that t the longi- 
ined tudinal stress at the connection of. the web and flange of channel under ki E 


a is 36% greater on the ‘compression side, and 53% | greater on. the tension. side, 

end- than the values given by. the bending fort 

rical the author suggests that structures be designed for the ma: imum illow- 

d by able stress, without a factor, of safety, he must give methods. of analysis. which 


will determine the maximum existing stress under any ‘given loads. He i is to 1 


be commended for. his addition to the ultimate goal of all. design analysis. ou sie 


FB. § Ww. J. Por and W. L. Esqs. (by letter). 
vith 


ae 
he stresses set 


“position of the loading s 


rom 


the center of the web ——, 


truc- 
uild- It has been very widely r, ‘tha t the loads should be applied 
through the center of the sections in order to cause a channel 
awe to bend without twisting and to produce accor lance. ‘with the 
may be worth \ while, therefore, to experimental evidence 
th fact that ‘must. be loaded back ‘of the back of the. 
vee ‘(not through ‘the center of ‘gravity the cross-sections) in order to cause 
hear bending, without twisting, « as is assumed in the simple: th heory of beams. ay 
Jasti | The writers have made bending tests** of a number of rolled steel chan- 
mastic git K Me. he Git 
daust nels, varying in depth from 4 to 15 in, in which the positions of the 
+t the that caused bending in accordan ce with the flexure formula | weré determined. 
3 The m main purpose of the tests, however, to determine the additional 
longitudinal stress in channel beam - when loaded so that twisting accom- 
sit be panies bending, additional longitudinal stress, for. some channels, when 
the load acts through the center of gravity of the section may be more than 
one-half the maximum stress caused by the vertical bending moment. 
end ‘The name, ‘ shear- -center”, , has been used to denote the point on the 
of ‘symmetry of the channel through which t ‘the plane of loads must “pas to 
width produce simple bending (without twisting), and its Tocation and significance 
seem to have been’ brough ht first to the attention of | engineers by 


Wilson, 

ineering 
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Applied Mechanics, Univ. of Illinois, Urba 


in 10904. 1925, 
Hubert rolled steel channel 10:3 in. 
es: 14 cm. ) deep, tested as a ‘simple beam on a ‘span of 20.8° ft. 6. 8 m. yi 


and subjected to a concentrated load of 5500, be (2 | 500 kg.) at -mid- -span ; 


position the “shear- -center,’ as found from the test results was” 
substantial agreement with the calculated position, 
het In order to determine the ‘ 


‘shear-centers” of the channels tested te? 


University of Illinois, each channe was tested as a horizontal eantilever 


; beam with a vertical load consisting of a suspended weight applied at the 
free end. ‘Some of the smaller channels” were embedded at one | end a | 
rge cube. of concrete and this ‘cube was held on the weighing table of aii] 


testing machine by applying a load to the top face of the cube by means of 
the movable head of the testing machine. ‘The large’ channels were 


as double cantilevers. In ‘Fig. 8, /15-in., 38.9- Tb. channel is shown with a 
ee load of 5 600 1b. applied through the ’ shear- center : at the end of a 10-ft. canti- — 


lever. In Fig. 9 9, applied at a point on the drt 


e above the center ¢ of gravity of the end section when the section is not twisted. 


The beam was balanced on a a knife-edge on the weighing table of ‘a testing 
- machine and equal weights \ were applied 1 to the two free ends. 


section of the ch channel was: held fixed in "position by a light load applied 
through the ‘movable head of the testing ‘machine to. the. top. ‘flange, and by 
sm mall horizontal jacks on each side of the top: and “bottoss flanges. In 


addition, the outstanding flanges at the central section were supported by a_ : 

vertical stiffener extending between the flanges. 


The angle of twist was measured at | six or ‘seven sections along the length 


of. the beam for each of several lateral of the e load at ‘the end. The 
. load was applied at two or three points on each side of the ba ck. ‘An at 


was clamped to the back at the free end of the beam so ant the load a 
be applied back of the back of the channel. (See Fig. 8. 8) 
angle of twist was measured by means of a level 20-in. 
auge length. For ‘this p purpose bars ‘slightly more 20 in. Tong 


- clamped to the top flange of the « channel at several sections along the length i 
of the beam, “and the change in inclination of these bars measured on 


20-4 -in. gauge length; the change in elevation of one. end of the gauge length 


- with respect to the other was measured to 0.001, in. . by adjusting a micro- 
‘meter screw at one end ‘of the level bar. } The bubble i n the level bar was a 


The v values of the angles of twist at three e sections for five, different le lateral 
ositions of the load on a 6-i -in., 8.2- Ib. channel are given in ‘Fig. 1 (One 


point on urve A — at 0.0735 radians —has been omitted.) 
is 


may 


Ox 


: when the Toad is 5 applied at any lateral position, except that at the distance of 


i 60 +i in., approximately, from the center of the web. The ‘calculated value 
Pte for the distance of this “shear- center” from the center of the web, according | 


+ “Teknisk Elasticitetslere,” Fourth Edition (1924). 


& 
SEELY AND OTHERS ON ELASTIC EQUILIBRIUM IN STRUCTURES [Papers. 
— 
ifs 
> 
Sy 
> 
— 
if 
— 
ag 
— 
— 


Papers.) SRELY AND OT 


=, 


D SECTION 


ICTION Is NOT TWISTED. 


7 
GRAVITY .OF 


CENTER OF 


ANNE 


Cu 
ABOVE 


=] 
= 
a 
a 
= 


H LoaD 


the 

1a 
fa 

alue 


: 


‘pi 


= 


> 


| 


per Square inch 


Longitudinal Stress in Thousands of Pounds © 


pr | 4 


Load applied in turn 
at each of five. AY 
positions. 


q pa 


‘Fig. 10. —Location or SHEAR- “CENTER FOR 6- INcH, 2- Pounn 


al: 
fa 
16 


28s along the edge 


Stress in Thousands of Pound 


Square Inch 


> 


11.—LOoNGcITUDINAL STRESS IN IN;, 8.2-LB, CHANNEL WITH or 800 La. 

-* APPLIED THROUGH THE SHEAR CENTER aT END OF CANTILEVER 


gdag 


| 
=| 
| 
hes 


=! 
A A satisfactory. agreement etween 


strains along” each” of edges were a 2-in. 
gauge at several sections. A value of 30" 000 000 Ib. . per sq. in. was used 4 

r the modulus of | elasticity in converting ‘strains to stresses. Readings « of 
th gauge could be repeated within a maximum error of + 1000 Ib. per sq. in, . a 
‘Fig. 11 shows the experimental values of the longitudinal s stresses in the 
6- -in., 8.2- Ib. channel beam the Joad- of. 800 Ib. is applied through the 

-center”” as determined from Fig. 10. ‘is evident that: the stresses 


are in sulletantial agreement | with those given by the simple flexure: formula. 4 


'\Genter of Gravity 


Stress 


dinal 


Longitu 


12 EXPERIMENTAL VALUES OF STRESS IN A 


6- Ib. when the of. "1600 Ib. is applied at 


point on the ; flange that is directly above the e center, of nine of the > section : 
‘before ‘the beam 


no acts” through. the center of gravity “of the is s clear’ ‘that 


the twisting of the beam causes the. stresses. along two ‘edges near fixed 


ce. section to be greatly, in excess of those given by tk the simple flexure formula, 

= 3 and those e along | the other two edges to be much less. than those found 
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3 “not develop; furthermore, 


‘telatively small amount | of lateral restraint is ‘sufficient to 


in that it represents ‘the results of many years of ohady tn connection with he 
development. of ‘structures used largely ‘for the. support of electric wires 
many of the major electrifications of steam railroads in the United States me 


Formerly, , designers of such “structures. “followed ‘somewhat conservatively 
ng the lines of standard bridge construction. The repetition ‘of ‘such 


structures” every’ 250 or 300 ft. along the railroad right | of way gives: a vista 


of extreme heaviness. Furthermore, the ordinary bridge typ of structure 


vith its latticed members re-entrant corners ‘is difficult ‘to maintain 


especially on roads’ that operate a combination of electric. and steam service, a 


condition which has obtained on a ‘many lines. These pockets collect. 


“tr ed in developing are light ix i 
‘appearance, but a careful pone of the designs, the mathematics of which ar: ar 


_ developed paper, » will indicate that they are thoroughly sound, 


all standpoints, including - safety, 


‘The ‘subject which | the author presents so well i is. one of 
- terest to railroad companies as congestion on many ines i is ‘gradually forcing 
more extended consideration ¢ of electrification. There has been : an attempt to 


write into some specifications for structures: of this character certain provi- 


_ sions based on the accepted practice of bridge design. Should it be : necessar 2 


te to follow these in exact conformity, a considerable hardship \ would be put upon 
the railroads that are using electric traction, because they would be 0 


“to erect “uneconomical structures which are also difficult to maintain. ey 
4 
_ writer believes Mr. Richmond’s paper will be received with considerable inter 
aay 


“est by all structural engineers who face the problem of the s support of electric 


4 


E. R M. Aw. ed —Structures | designed in 
_ accordance with the principles et forth in \ this paper have been used in con- 


nection with railroad electrification and power transmission for many years. 


rend are relatively light, and, although flexible, possess ample strength under | 
‘service and emergency _conditions. is: noteworthy that of _ thousands 


: structures designed i in this v way ‘and erected over the main- -line tracks of : 
roads, there has been no case of failure or evidence of undue ‘strain. . 
‘= For the extensive electrification of main-line railroads the design of struc- 


tures for supporting the trolley wires an transmission and signal circuits 


 * With Gibbs & Hill, Cons. Engrs., New York, N. 
* Received by the Secretary, ‘January 30, 1929 
Cons. Engr. & Hill), New York, N. 
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at place. 


TS 


nd attractive ‘in appearance, avoiding the. suggestion a mass of 


along the tracks. clear ¥ view signals ‘should be maintaine ‘There is 


“also. a great ‘dupli ication of structures. of the sam design, or similarity, of type, 


and. engineers can well afford to" devote much detail study to: an 
Ad has: 
analysis of the loads which must be carried, both - normally and i in emergencie 


Where, such determinations | are made Mr. Richmond has, found it. practicable 
be and | entirely permissible to abandon certain of the empirical limitations that 
mt are generally imposed i in the. design, of structures and develop ‘methods of. cal- 


ulation a and design especially ay applicable to these structures. 
Iti is apparent that Mr. -Richmond’s theory and his mathematical develop- 


ment of it. have ‘been worked out This paper should prove a 


valuable co contribution to the art. _ 


bus 


‘ 


assumes a, importa; Such structures should involve minimum 
first cost and maintenance expense consistent with the satisfactory performance 
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This Society is. not responsible ‘ter: any statement made or opinion’ ‘expressed 


of 
-REINFORCED CONCRETE BEAMS. 
Muss. Epwarp > Goprrey, C. ‘Turner, H. E. Eoxizs, and 


y st 


+ ‘Ax Soo. CE (by letter). $—The writer is in com- 
ste accord W ith "Professor ‘Mylrea in "his emph asis on _the importance of 


“the basis ‘of structural, theory ‘to check the assumptions on 


which it is founded. ng ‘This i is particu y true in any case in which the baie i. 
_ theory has been questioned and the arguments of the questioner have not bee 


‘One of ‘the most vital in the field of concrete design 
the ‘stirrup or short shear member. — It is of ‘exceeding importance that free 


discussion | be entered into ‘and a conclusion “reached as to the value of the | 


stinrup—if it has any real va ue—and its proper place in esign. 
Professor Mylrea clearly considers of no importance the fact that ‘stirrups 


a whole beam have little | or ‘no stress. In the writer’ 8 judgment there is gf 


a er si gnificance i in this fact o of test and analysis which i is closely connected 


with the efficienc of stitrups as shear ‘members. Experimental 


shows that stirrups | ot act. ‘antil the ‘conerete cracks. Analysis 


the same ‘thing, for there can be no getion in a homogeneous concrete beam — 
that! would ‘elongate the ‘beam in a vertical direction. Conceding ‘the fact, 


then, that the stirrups in a i W@tikforosd concrete beam do. not come into hata? 
until the beam cracks, the question arises as to what this involves. ., The uni Ke 


shear allowed by, some > modern standards on the cross: -section on of a beain is a 
large fraction of ‘the shear ; at, tiwhich the first_ crack § -in 1 the web. takes 


ats * This discussion (of the paper by T. D. Myires. M. Am: "Boe. C. B., published in January, 
1929, Proceedings, but not presented at any meeting of the Society), is printed in Proceedings 
in order that) the before all members for: A 
‘+ Structural Engr., Pittsburgh, Pa. abia ait 
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specifications a allow a a large of the beam to be 
“by the concrete. The ‘margin between the shear allowed on the concrete web_ 


In fact, it is not ‘undead! to find 


and that which cracks the concrete is small. 
b 


beams in which the concrete web is  eracked under safe load. What of the 
i part of ‘the: shear allotted to the concrete. web? _A cracked v web, unaided, could © 
ae x take no ) part of this shear. It t will be thrown, therefore, into the stirrups, and 


ae is largely in excess of the : shear for which the stirrups are designed. Here 


the 


In no o ther analysis of stress a action is “it assumed that any part ae 


structure is idle and inoperative until some other pa art fails. The writer does : 


not believe this i is sound analysis, particularly since there is a means of rein- 
F forcing a beam for shear that is free from this’ objection, both in its analysis: 


Professor Mylrea refers* to tests ‘by A.D Talbot, Past- | Am. Soe. 


©. which proved that stirrups take no stress until the concrete cracks 
shear. Tests by this same experimentert ‘prove that beams: reinforced for 

shear by bending up the mai in with a long flat, bend, gave 


stresses in the bent- -up _of the rods. urthermore, in the beams 
reinforced with. stirrups, in an actual building, cracks, were easily, found in 


ae concrete ; whereas i in beams reinforced for shear by t bending up rods with 


a flat angl e and crossing them over the support, no cracks could be found. | 4 " 


Analysis agrees perfectly with, this, for both the shear deflection and the 


de flection due to bottom tension are accompanied by elongation in the beam 
n the , diagonal « direction i in which the bent- -up and anchored rods | lie; and, since _ 
the rod is there to take the stress, cracks i in the concrete are prevented, Te. 4 


d n 7 . 
simple test and ong: can be 1 ma le in an Office is as. ‘ake ofl 


straight stick of wood about as Jong as a desk and about 13 | y 2 in. in cross- 


section. Fasten mandolin wires in screw- eyes as indicated in “Fie. a: 


duce, small ridges: to, give a tension. Place this, beam on two pick 


the wire. yt Then press down at 1] the middle « of the stick, The tone of the wire 
immediately go up, proving the existence of in the direction in 


which the wire i is ‘stretched. iti is in this position and direction that bent- 


| are or should be placed, ; an every increment of load adds stress — 


rthermore, failure of ‘the beam i in shear is impossible. unless” if 


This cannot be said of any if 


Strip of Wood about 144 by2 by 5 
Screw Eye 


1.— ~—BXPERIMENT | TO DETECT op. 

ded is manifest a test made with vertical wires 
increment = 


Proceedings, Am. Soc. C. E., January, 1929, Papers ‘Discussion, 


Bulletin No. 6 ‘Univ. of Illinois Eng. Experiment Stato 
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— ON SHEAR IN REINFORCED 


The author states* that the introdietion of v 
delay failure, and this, he points out, is the function of vertical stirrups. U: Talons 
‘they: cai preveiit. failure entirely, and ‘surely, some other form of shear rein- 


forcemetit is is a necessity. ‘He assumes that the concrete beam cracks at 


r ‘pngle of 45° with the vertical, and the stress in a ‘stirrup is determined on 
this asstimption. The angle of this crack is the determining factor in finding © a 
the stress to be allotted to the stirrup, so there should be some. good r reason 
fot the selection of 45 | degrees. If. the tangent of the angle i is ‘more than ‘one, ; 


the stress in the stirrup is less: iti 1 the inverse ratio. bi If that tangent is 


ys stress allotted to ‘the stirrup i is sreater. 


itself, and when they carry with them the stirrups that were intended 


‘to prevent, this : failure, as tie write has observed to be the | case, what ground | 


can ‘there be ‘for: the the ‘concrete willl crack some 


ox 


re shown many 
d exactly at ‘the bet é 


Assume a case in which a | 45° “line would cross three stirrups, ‘and’ 


Hi 
tead of ‘cracking at 45° the er erack ‘crossed only one stirrup. 


i is stirrup would be three times . that allotted to it by the. designer. ‘ 
inerease of 200% in the stress in the stirrup would. be merely the result of a 


g erack in a concrete | beam taking a different course from that « assumed by, the 
designer, and there is ‘nothing inhere ent. in the beam that w 


’ rom cracking i in that manner. In fact, the crack < may miss the stirrups: alto: 


would | prevent 


: gether, and a beam designed according to standard rules could fail in. ‘shear 


rithout in any manner disturbing or stressing the steel reinforcement placed 


Ttisa fact that, between any two stirrups and between the last and 


the support, there is nothing to take the shear of a beam except the concrete 


and the horizontal steel. These would be there. if, no stirrups were: used midds 


‘The author§ u: uses the truss analogy to explain ‘and determine the stress in : 


stirrup. ‘the truss analysis. the _Web_ members cut by any section, 


"whether vertical or inclined at any a angle, must be capable of taking: all the 


* Proceedings, Am. Soc. C..E., January, 1929, and Discussions, | p. 21. 


Bulletin No. “116, Univ. of Wigec n Eng: Experiment. ‘Station. 
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shear of the truss. The down, inclination 
4 of the is arbitrarily assumed to be 45 degrees. The case 


4 


then resolves 


itself into ‘one: allotment of stress no’ to 


for example, every pound ‘of stress in a traced 
through some adequate detail to an adequate ‘resistance ‘and, finally, to the 
reaction | of the support. Professor Mylrea’ s analysis. does not follow the stress 


of the. stirrup beyond ‘the end of the stirrup itself. pt The stirrup is said to be 


anchored. ‘The nature of this anchorage corresponds to the: end detail of a 


truss member. It should, of course, be capable of taking the full stress: of the 
cee stirrup. The paper does not place much emphasis on the need of. adequate 


‘t "anchorage, | or of ways: in which it can be e obtained, and this should bea ‘mater 


ea ty en since it is a ‘governing feature in the strength of the 


‘ 


or ‘more reinforcing rods. the top of the beam it appears” to hort 


hook around a reinforcing rod or merely i in : the concrete. if These : are the stand- 


; _equtely anchored for its safe load ¢ asa a hanger if it. is s merely buried with « a 


small hook about 2 in. long, or even looped about a rod. close to. the, bottom of 
a 1 beam with this same h hook, — Why should not the, same principles apply. i in the 
Mi case of a stirrup as would obtain in 0 


t the case of a hanger on which an actual 
rae ‘Iti it is assumed that the concrete itself furnishes the anchorage, for the 


stirrup, how does that conerete deliver the | shear r load to ‘the support where 


ait ‘must ‘ultimately go? Ina a whole. beam how does this avoid or lessen’ the 


diagonal tension in the concrete web? ‘And if it does 1 not accomplish this, why 


use the stirrup? In a beam, cracked at an angle of 45 45°, ow can ‘the ‘eonerete 
a at the tip of the triangle in Fig. 1 (ay* be considered c capable of anchoring the 
id ~ last stirrup ¢ cut by the 4 45° plane to the full value of that stirrup? Here, again, 


titer 


a designer would not orig Mag placing a capacity — on a hanger 
tie By Professor Mylrea’s referencet to Fig 2 2(9), it is evident that he ‘con- 


kis siders the pull of a stirrup to go directly into the horizontal rods as a ‘vertical 
lo ad. This means that the load of the , beam is hung as a vertical s 8 ear load on 
Hévikontal ods. Ana alysis cannot justify this disposition of the shear load. 
‘Steel rods embedded in concrete | cannot take any appreciable shear until the 


‘concrete. fails in shear. The idea that steel rods as pegs could take shear at 


000 to 12 000 Ib. per sq. was discarded from specifications long” ago. 
A 


the capacity of a reinforce concrete beam would be little if ‘dependence were 
“placed on the of the rods to carry | the shear. to ‘the Supports. 
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ment “at both top and bottom strongly enough to develop ‘its full ‘tensile 

sould 
be effecte dat the top and bottom of the beam, which ends 
of the stirrups. Technologic Paper No. 814, U. 8. ‘Bureau of Standards, is 

referred. to several times. ‘This ‘report describes tests in which the ‘stirrups | on 


shear members were fully” anchored at the level of the top and bottom of the 


veb. In fact they” ‘were anchored into heavy beam heads which, in 


"For this re the writer ‘believes that those tests were of little or no 
value as teaching any conerete beams. Such 


spac 

Beam analysis must be based on beams ‘as it is practicable to construc 
em. The tests described by the U. S. Bureau of Standards were on a com 


paratively’ thin concrete web fixed in a heavy conerete frame into which the 
web members were fully anchored and which was quite outside the area consid- : 
ered as concrete web. This does not correspond in any way with a reinforced : 
ke concrete beam; hence analysis of a reinforced concrete beam cannot proper 


_be based on results of these tests, 
The author emphasizes the importance of properly anchoring stirrups “at 
the. ends”. Also, he states” that ‘ “sharp bends are taboo”. He does not refer to 


‘ithe impossibility of fully anchoring a rod at its end. Unless a nut and steel 
E plate is used, full anchorage at the end of a rod is not possible. . As small hook 


either in concrete or around a main rod is taboo, because it involves a sharp 


ben nd. Anchorage in concrete requires a considerable part. of the ‘entire rod. 
_ Professor Mylrea states} that no form of hook will accomplish the anchoring of 

steel to develop. the ultimate strength without appreciable slip. pit ‘It would n ot 

e be an unusual conditioa for a stirrup to require one- -half the depth of the beam 

the 100% anchorage that Professor Mylrea states is The 

member i is of zero length, and the truss analogy fails. | 

The author rightly emphasizes§ the importance of end anchorage of main 

4) _ teinforeing rods. In fact, with the top and bottom rods firmly anchored. into 

_. the support, : a lage shear can be carried by the concrete even if it is cracked 

‘The friction acting between the compression surfaces—if the crack is ve 


tical— -will take the shear It is allocating this shearing strength of 


hte It. continuous” beam should crack as 
at the point of shave, would be no compression “surface, 
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' "dangerous condition of all the shear being taken by horizontal rods. If main 


TURNER ON | 


in that reinforcement. _ The m main rods are amply capable of “carrying” 5” thi 


tension and “delivering it” to its anchorage the. where ‘the, reac. i 


tion of the beam must bemet. eid of bore: 


shear reinforcement th that « prevents fi failure 


- 


us ie refers, showed cracks in the concrete ee at units of 200 to 300. db. = 
sq. in, A conerete section nearly twice » tein nominal web area was in 


erete webs. at ‘about the allowed safe of standard 


a: They, therefore, did not even justify the units, of those. specifications. | hay 4 


‘A. . P. Turner,* M. Am. Soc. -E (by letter). +—The author attempts 
‘to analyze the web resistance nce of naailitin. ‘beams: which is a s special ‘case of the 


ait 


Prismatic of homogeneous material treated” by Mariotte 


aly 
‘the assumption (“on peut concervoir”) that ‘there v were as many “fibers 

by 
Sha pressed | as stretched and, later, because the cross-section of ‘the prism resisting 


horizontal shear was far greater than that resisting moment stresses, hori- 
‘zontal shear strain neglected in the “‘Bernoulli- Eulerian "investigations 

- which constitute the common theory of flexure a as ‘taught to- day. ~ Mathemati- 


ea lly considered, this neglect of shear strain ‘is ‘equivalent to treating the 


2 shearing modulus of the prism as infinite. This i is the same ‘as stating that a 


hs plane section ‘normal to the axis remains normal to it after flexure and without 
distortion; that is, it still remains plane. This: important ‘normal relation 


“is. commonly overlooked in stating the hypotheses of the ordinary theory. i An 


exact ‘analysis of the “trapezoidal components ‘of. deformation’ of the prism 
was thus developed, needing only the superposition thereon of the pure shear 
distortions to arrive at the exact theory of of beams. common theory is 
"sufficiently @ approximate for the practical computation of ‘the elastic behavior 


ii of ‘simple | prismatic beams having ng a length ten times” their depth, but when 


= 


3 


the “reinforced conerete beams, shear strain cannot 


neglected for even approximate accuracy. For restrained beam the great: 


arily from 
0 to 30: grea er than when computed by exact, ‘Detection in r 


strained beams is ; reduced by the interference of. shear. distortion... In the 
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the ordinary theory but ‘the extreme fiber stress is the same at the : section ag 


4 


of he neutral plane i in » the homogeneous bebiiit a as one Sof the problems i in devel- 


oping the exact theory of flexure, but he neglected to solve the ] problem. . Pro- 
-feaul Karl Pearson proved that a neutral plane (define as the locus of points 
at which tension and 1 compression balance) does: not in fact exist along the 


length at the gravity axis of the | simple homogeneous beam. The writer 
_foundt+ that the true neutral plane of the homogeneous beam curves down- 


7 ward toward the end of the beam approximately 0.09 of the depth t by equilit 


‘ing—by the parallelogram of forces—the center of the shear stress area 
reaction to the fiber stress” area, odt oj, ef Gol 


.S The true location of the neutral | plane i is thus a curved surface of the same 

order as'the ‘slope curve. | This i is true also of the neutral plane of the rein 4 

forced concrete bea m. The stress mechanism in the composite. beam differs, 

_ however, : from that in the homogeneous beam in that, although at the neutral 
plane ‘there are right shearing stresses, » they” are oriented ‘differently. ‘The 

¢ eistien of horizontal shear are tangent to the neutral plane in the homogeneous _ 

beam, but they inte intersect the ‘neutral plane of the: composite reinforced -con- 


crete beam because ‘the shear between the conerete metal | is equilibrated 


of principal tension, curves of pair (symmetrically 
with respect ‘to the neutral plane) with curves of principal 


compression and the curves of tension in the concrete eut across the bean m, 


assuming a position in the tension zone comparable to the curve: of greatest e 


E shear in the homogeneous beam. Ww ith ‘such a stress mechanism it is obvious i 
that. the neutral plane (in which the intensity of tension, compression, ei 
shear are equal ) is compressed along its length i in proportion to the load applied — 
as ‘shown, but not recognized, in in tests by the U. Ss. Bureau of Standards. — 

Accordingly, the neutral plane in the composite beam cannot be located” 


by finding | the locus of zero stress as may be done’ with a homogeneous beam. 


This radical difference in stress mechanism between the homogeneous and if 


—¢ composite beam renders | the investigation of the characteristics of the ¢ con- 
beam by analogy to the homogeneous beam somewhat misleading. In 


planes parallel to the axis, the curves 3 of ‘displacement: are 


‘more acute angle than is the case member. 
There are two kinds of rotational ‘distortion in a beam whether of “rein- 
-foreed concrete or homogeneous material. The rotational : strain that is caused 


by: the sharpness of curvature represented by trapezoidal deformation gives” es 
to equal diagonal tensions in the face of an originally ‘square element in’ 


the tension zone and to equal diagonal « compressions in an originally square aan * 
element im the compression zone. The intensity of these diagonal stresses 


increases from zero” at the neutral plane to a maximum at the outer fiber. 


+ 


of Engineering”, 1846. 
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ional: that of | pure 


tendeney. of the outer fibers to slide as two planks slide, o: one upon the, other, ‘ 
when supported at their ends and loaded i. This, de formation produces. 


rhombic, (pure, shear) distortion, which is zero where the. moment area is 
divided into equal, segments (moment areas. to the right and left of this section 


- give rise. to opposite shears which. are equal to. each other as action and reaction 
are equal) and increasing from that locus toward the end of the beam n\when 


imply suppor ted. rhombic distortion, one diagonal of an. originally Bquare 
unstrained, element. is. stretched;, _ the other is compressed. Consequently, 
the maximum diagonal tension will occur at the location where these deforma- rs | 
superimposed, one upon the, other, give the. greatest. diagonal, strain. 
the, rhombic deformation, is proportional to the slope and the trape- 


zoidal deformation is proportional - to the ‘sharpness: of. curvature, which, in 


turn, is | proportional to the bending moment, ‘itis possible to lay off two. curves — 


—one upon the other—so_ sas te predict the. location of the first crack that may _ 


4 


fon. a given beam, th then greatest tension oceur 


atest 


where the joint ordinate is greatest. It is. thus possible to determine the 


- location, of the first crack in the concrete beam. or the place a at which. the > web a 
of beam will buckle fora given of beam under a given load. 


shear areas. from nite toward the center a the 


in n turn divided by E 1 gives, s the tangent of ‘the slope angles along ‘the’ 
- loaded beam, and the summation of these, tangents determines the deflection L 
oh according. to the ordinary theory of flexure, Because the horizontal shears _ 
are determined by summing the horizontal fiber stresses, rhombic shear strain 

is ‘the reaction, to ‘the moment stresses, Hence, it is ‘proportional thereto and 
the s hear deflection, therefore, bears a constant ratio,to the moment deflection 
au in | a given elastic beam for any loadi ng whatever ; but this ratio differs. a 
beams of different span. lengths because the magnitude of the rotational 
shear distortion. depends on. the relation, between the horizontal. section. 1 resist-_ 
ing horizontal shear : and the vertical | cross-section resisting moment stresses. 
The relative magnitude of the shear deflection in beams, of various lengths 


follows a different proportionate law from the magnitude of moment deflections. it 


a steel beam has the flange resistance oat ‘the, top 


analysis. of the rotational, strains of of the. ‘will ~ 


trate the solution of both problems, 


In Fig. B let 0 Cc ‘represent, the half span.v with a concentrated load at the © 


center, ‘The ‘moment curves _are,.therefore, straight lines,,, The slope curve is 


of the second degree and, the magnitude’ of. the rotational strain represented by ¥ 


h at the end and the ordinates curve, A nc, may. taken ¢ as Tepresent-— 


ane 
‘be 
4 
| 
: 
Ay 
— 
— 
s the moment curve. If the maxim 
«Tes _and the lower curve the same a i 
 — curve 
A 
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is to the ‘ordinates meastired from O 


B 
“= 0,774 


. 13.—ANALYSIS OF ANGULAR SHEAR DISTORTION IN WEB OF 15- INCH, 38- -Po 

I-BEAM CENTRALLY LOADED, LENGTH SIMPLY SUPPORTED AND RESTRAINED. 

ei The sum of the ordinates « of the two rotations isa maximum # for the 10 


eam. at for the 20-ft. beam at X,; ; and for the 30-ft. beam at 
d at its ends the moment Passes through zero 


at q and the closing line of ‘the ‘slope curve ish C. Then qb and ¢ q b, repre 
gent the moment curves for th the center 0 or r suspended- og part, “and correspond are 
curves to the left of are the cantilever part. Obviously, maxi- 
‘rotational strain: in the restrained beam is roughly one- third as ‘preat 
as in the simply “supported beam of the section subj 
shear force. This illustrates the illogical nature of the rules of the 
: oint Committee on Specifications for Concrete and Reinforced Conerete. an 
i bu ilding code laws in computing the w veb stress of beams. — Fig 


rotationa iter simple 
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an increases in th ‘Te ined beam. It thus" a 
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high of first. crack in 2 

-conerete beam will occur, or where the web of the steel beam will commence 
to buckle. Because the concrete » has. a smaller limit of rotational strain before 
cracking than that possessed by the steel before the yield point is reached, 
opr proper attention must be given to the percentage of steel used i in the ‘shallow 


4 
tend the beam i is Dlaster will not crack, its ts deflection 


api ‘a y than the fixed 
_ Proportion, of the ‘span length it is | customary, ° with a long shallow eam, to 
reduce | the steel percentage; this requires the development of a deflec- 
" For a given fiber stress in the h omogeneous beam, or a given steel stress 
and a fixed percentage of steel in the con crete beam, the deflection increases 
“hes with the ‘square of the span and it is desirable to develop the relation of the 


"percentage of Turneaure and Maurer have developed. the 


developed the ordinary 


‘moment of inertia with respect to the “neutral axis oy th Be 
b = that of of the ‘concrete in the tension zone, b a and 


2 
ste explaining this formula Messrs. Turneaure and “Maurer note that the 
\ ¢ wre DELP 
cone?ete may ‘crack, but are inclined to. consider it 
y resists tenaion. after, it has been cracked b y tension. _ However, the fact that 


n, parallel with the steel, replaces hori- 


beam the solution “this 


in the 


con: 


centrally loaded, but resting on symmetrical ‘supports 8 ft. apart, ‘allowing 
8 ft. over- hang | at each end. With 2% of reinforcement the first crack in the 


ALAS? 


concrete will occur in the top of the beam in the overhanging part where there 

Mt is ‘no ap applied 2 moment ; ; hence, it is apparent, th that the horizontal ‘shear i in the 
i oonerete, parallel with the steel, actually forms that part of the bending resist-— 


ont 
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this ‘explanation the ‘moment 0 of ‘inertia developed by Turneaure and 
Maurer appears be satisfactory. Tt ‘shows clearly that the percentage of 


- steel should be reduced as the span i ‘inereases and that the tension zone of th 


concrete may not be disintegrated by repeated loading if the designer wishes 


to develop, economically, the value of ‘the steel element. 
Stirrups of much less” value than is supposed | becarse of 


the paper and erroneous code rules and committee 


 1—The stress mechanism of the homogeneous and reinforced concrete 


beams are nearly antipodal and inductive reasoning from opposites tends" to 
—Truss are misleading because while ‘the web stress 


in the whether steel or concrete on the contrary the location 
pa the greatest web stress is unrelated | to the location of the greatest external. 


‘shear force but i is fixed by the internal stress mechanism and varies in position 
_prcagin near the support for the short deep beam to near the center of the shallow 


Gener). reasoning from the locus of cracks back to elastic resistance 


involves” both the variation location dependent upon the steel percentage 
and ratios of depth to span length combined with the practical consideration 
the conerete shoul be designed to ‘remain ‘intact and uncracked under 
repetition of working loads, hence the laws. of elastic. resistance should be 
H. E. Eoxurs,* Am. Soc. ©. (by ‘letter r).t— The author's clear 
presentation of this important subject will be very valuable ‘to. structural 
engineers interested ‘in economical and careful design. It is an unfortunate 
that, from the ‘standpoint of ‘design, web reinforcement is very often 


one of the weakest features” reinforced concrete structures. Is This i is 


‘ equ ntly due to confidence in the ‘effectiveness: of vertical stirrups whic 


author’s ms analyses show clearly is has ‘Statedt 


+ Received by the Secretary 


Papers.) ECKLES ON SHEAR IN REINFORCED CONCRETE BEAMS 9 
in 
fore 
llow 
7 
a 
fixed _ of tensile displacement which is about 30° to the horizontal instead of 45° as ee ae 
a, to ommonly but erroneously assumed by designers. 
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that 
long, fact,:and that they do not take any stress before this stage: is'reached. 
These are facts which have been established from the time of the earliest 
n the | able tests of reinforced concrete beams, and it has been equally well known that = sd 
there 
n the 
, January, 1929, Papers and Discussions, p. 21. 


, will necessitate replaced, ‘particularly when it, 


~ well be e designed ‘80 as not to reach this stage, by the use. of bent-up bars. “4 
The author has very. significantly stated * that bent- “up | bars” ‘may act as 
reinforcement before cracks appear in. conerete, and. that they. act 


as well to delay failure afterward, in a. manner similar to that ‘claimed for 


vertical . stirrups. stetement, .i6,. also. madet:, that bent- up bars deliver 
their ‘tension as main reinforcement to the compression side of the beam > 


: with the result that | questions of diagonal tension are eliminated, and that + 


questi 


_when_ diagonal bars are used the unit web shear is one-half that in beams © 


with vertical stirrups. hese and | other considerations make it highly desirable 
that careful consideration be given to. the use of diagonal bars in preference d 
to vertical Bent bars 1 be made thorou effective i in 


the conerete together transversely. Short hooks or bends at the ends of this 


of the bent- -up pars» on the conerete at ‘the bende; and ‘vill tie 
transverse: bar may well be e adopted important work, and this avoids 


of the principal difficulties i in ‘design, ‘namely the use of bends « of long rad 7 
and ‘the splitting of ‘the concrete at the bends. The exterior bars should 


re sho 


be kept straight to avoid the danger of failure shown in. Fig. 6.8 Failure, 


Fig. q will b heavy ‘transverse 
4 


ey: ae third difficulty to be met in the use of bent-up bars i is that of anchorage. 
The’ author's suggestion (Fig. 9 (b))|| to bend the bars sidewise out of the 


ure 


with hooked ends, ‘the beam | has ‘bearing. 


3 may. often be ‘reduced, by. using ‘ead, radii and a 


= 
4 transverse bar at the bends, rather than hooks of long radii and free ends. 7 
ient anchorage in. other cases be. secured without 


importance of good anchorage for the main ‘reinforcement was clearly 
shown in: the earliest “important tests of reinforced concrete beams. It was 


‘initial failure by. shear if, instead of asing) ‘reinforcement, 
mount of. main reinforcement used at critical shear points ‘inereased._ 


The author’s analyses suggest this in a different’ way. » Design that will delay 


See ti. Proceedings, Am. Soc. C. E., January, 1929 , Papers and Discussions, pp. 22 and 26 


Loe. cit., p. 32. 


Loc. cit., 87. 
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initial failure is much to be preferred to. final failure 
in a.structure that, will haye to ‘be replaced if the initial stage is reached, 


Since the concrete. takes all the shear. when, vertical. stirrups are. used, it is. 


preferable to, take the material, ordinarily used for vertical stirrups as addi- 
tional main reinforcement or bent-up bars. rs. This would lower the unit bond 
stress of. the. main. reinforcement, and the neutral axis of the beam, at the 
critical shear point, and. thus reduce the tendency cracks to 
which are. caused’ by initial failure. At the same time, this woul | give fi: 
greater amount: of: concrete in the ‘section. ‘Tesist the result 


sectional area of: “vertical stirrups | in one end of a equal 
that of “the ‘main’ “reinforcement at ‘the ‘points of both ‘maximum positive 
ind negative ‘moment, from which it will: be seen that the amount of steel 
in the vertical stirrups’ would increase considerably the main reinforcement 


value of diagonal. web ‘reinforcement over vertical ‘stirrups. Diagonal 
bars: are much more effective in preventing diagonal cracks in the tension bid 
side of the beam for both the positive and ‘negative moment areas, since ce 
their’ ‘direction both cases nearly at right angles across such’ levdcks, 
When the sets of diagonal bars are spaced ‘at ae less distance apart than a f 
they will be very effective for this purpose; vertical stirrups are of no - prae- 
tical “value ' in preventing diagonal cracks, because of their direction a There 
is a ‘serious: defect in the author’s analysis of vertical stirrups by the truss 
analogy since this ‘assumption. leads to the anomalous situation of having 


tension ‘in the concrete in the’ direction of the vertical stirrup ‘in the compres- 
sion area. This has been em) hasized by the conclusion that hooks are needed - 
at ‘the’ ends f vertical’ stirrups. idl ‘An’ examination of Fig. Ot and Pig. 
‘will help to how this tension | must erroneously assumed. 

any considerable tension exists in any part of the length of a vertical stirrup 
the « concrete s there must’ be stressed in tension beyond its point of failure, a 

condition “which ‘would develop ‘eracks throughout the length of all vertical 
stirrups which are assumed to be functioning. © ) This has a ‘special significance ONS 


when considering’ ‘the ‘section of a vertical which i is above and ‘to the 


conerete is that in, the stirrup, dna yr 


cracks, there, This, vin tum, w ould med, that 
major, cracks exist, throughout, the the beam. to the support, 
cannot be case, for such cracks exist, only at ‘the point. 


viet 
Loo. cit., p. 24. DS 


* Proceedings, Am, Soc, Cc. 
Loc. cit., p. 
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IN REINFORCED ¢ CONCRETE BEAMS 


main reinforcer is greatly overstressed. Tests not show the ‘exist: 
ence of numerous: cracks such as these before failure has resulted. In the case 

continuous. ‘beams substantial slippage can occur where the ‘main | 
-Teinforcement extends any distance beyond the point. of contraflexure, 0 


properly’ bent into ‘the compression area of ‘the beam. This renders the | 
of vertical stirrups entirely futile in such beams. Reducing the main 
einforcement ‘over, merely stress” and reduces 


tension side of section of in n the moments 


inertia of cross- -sections: at “the. “supports: and at the middle of f the beam 


have little effect on ‘the relative moments at these points, since the points 
of contraflexure are changed but little by. these differences. _ sf The da anger 


‘this region from improper design is well illustrated by Fig. 6. 
After all, the concrete must take the shear very. largely in all sections 


wy 
of a beam. Tension | is developed in ‘diagonal bars to some extent because 


‘their direction is at right angles to the diagonal tension cracks. in | both 
ontinuous and simple beams, and, because of. this tension in the tension 


side of the beam i in the diagonal bars which i is “developed ‘by ‘moment, will 


of substantial value if properly spaced. ne ot “teed 
tat Their effectiveness is apparent by virtue of their being i in the direction 
of rotation about. the centroid of compression ata point such as A, Fig. 1 


(h)*. This. makes them effective at. the beginning of stress the beam, 
in contradistinction to the lack of such action i ia stirrups before 
Reliable tests show that. -eonerete has a of about two- 
that. of its strength, design n requires only that 


4g) 


When 


unit shearing stresses be allowed, may well be The sug- 
_ gestion to use a _ higher unit tension stress in the main reinforcement, how- | 
- ever, should be examined very carefully. It would reduce the percentage of 


«Tacos ‘Fetp,t Assoc. M. Am. “Soo. E ‘the 


action of web reinforcement the author his ideas and has 
checked his theories’ by comparison | with reinforced concrete beams tested to. 
- destruction. He might simplify his analysis of the stresses in reinforced 
by ‘starting with ‘more fundamental ideas than such expressions: as 


turers odor asi 


“diagonal tension.” All strains can be resolved into two types: agers 


a Received the ‘Sec ret ry February 1929 
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to a compression axis, ey tension along the other axis, and no stress 


along the third axis. AN oF. cry 


In all strains be considered along three axes. Referrin 

to o reinforced concrete, tension in the embedded steel rods 1 must be accom 


panied by | Compression n along the s axes at right ‘angles to the rod 4 Shear s stres 


to each other. 


strength of concrete in is greater than in tension. 
ever, all concrete must | have some strength in tensi sion, otherwise it could not 


take shear. The strength of ‘conerete. in shear is is governed | by its strength in wa 
tension* and the assumption of a beam made | of “concrete capable of taking 


shear but t not tension, is misleading. ‘This double assumption is impossible. 


Tn re resisting compression, concrete fails more quickly by its inability to 
ecause take care of the ‘resulting tension strains (Poisson’s’ effect) than it does in 


both resisting compression 8 strains. writer never ‘seen | 


ension of conerete due to pure compression strains. § 
t. will if it. ble f ti ider able te 
» if i were capa eo resis ing consi erable ension. he 


resisting shear no cracks develop until the en ‘the 
ection 


Fig. 1 ‘understand why the values of the tension in 


beam, ‘not appear until cracks develop, because, if the concrete takes tension in- 
before resisting shear, certainly the embedded steel along such lines must also take Hie: 
Se. ot However, v when conerete sets, the embedded steel i is compressed, and it is more * 
t two- than likely that whatever tension is developed in the web reinforcement before , 
y that cracks develop does not compensate for the ‘initial ‘compression | in such steel 

When due t to the setting of. concrete, nok altered world hot | 
+ that Pe: In deep beams, which give a large section of concrete. toward the resist- 2 
sug: ance of in test specimens is not in ‘shear if th 
» how: 
age of 
n. 
e very § and no provision has been made to take ‘such tension. The author’ 8 suggest ' 
-9(b))+ that rods be bent into’ opposite > flanges would take care of 
abies tension stresses and would permit higher compression 8 stresses in the concrete 


before cracks appear in the compression facé. tan 


_* Proceedings, Am. Soc. and Discussions, p. 30. 
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my Pe This Society is. not resp onsible for any ie mad or opinion expressed 


MODERNIZING THE SUBURBAN ‘TRANSIT. 


OF ME TR OPO! A DI STRICT 


* alin By W. Yereance , M. Soc. Cc. 


on the general subject of New -York’s more 


dy i is needed before an adequate solution of even the transportation side o 


Tia problem can be expected. _ ‘Each article that is written is helpful if only 
the points appealing to an investigator 


_ problems, big in every sense of the word - The writer does not propose to ‘pre- 


’ sent an invulnerable, complete : solution—such attempt would not now be timely ; ; 
but he wishes to emphasize some factors: that are frequently overlooked 


While a negligible and proportion of the commuter multitude may 
use other means of transportation, practically all, so far as may now be « envi- 


ake 


‘sioned, must continue to rely on ia? 
their needs. 


and the station in the community fir si his was located, 


All ‘railroads that lacked. ‘terminals. on the Island of Manhattan used or pro- 


~ vided a ferry’ service between the rail-head and the Manhattan shore; that 


"necessitated at least one change o: of conveyance by each passenger to complete 


4 this trip. _ Most of those Toads later established multiple ferry routes making 
possible inbound ‘passenger delivery ‘at more than one point” in Manhattan. 
When such delivery had been effected, the railroad’s obligation under the pas- 


December, 1928, Proceedings. — 


veity Cons. Engr., and’ Operator for Public Utilities, South range, N. 
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its of the commuter were satisfactorily 
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— 


y ond 
ion suffers, ervice was highly satis. 


The: complete commuter service, of any large city really, presents 


both transmission and distribution; i in ‘freight parlance, both haul and store 
door ‘delivery. many years an admirable street railway distribution 


system supplemented. the railroad mission service. Even during horse- 


ar days, the street railway had a diversity of routes, and a relatively good 


sigigo 


A “speed ‘was maintained. Tt provided. a real service to practically all sections | 
of the city, usually without the necessity of transferring. bx Although so many | 


of | the former residential districts of Manhattan have now ‘become commercial 


that the are consequently multiplied, ‘the evident 
mmiiter’s complaint to-day is due to the un oa 
abandonments, and almost complete “breakdown, of t 


formerly good local street service. 


With the lapse of time a app 
eries for man’s added comfort and convenience, new of the requirements 
have been born and 3 new standards created. * fiig- day, a person would indeed be 


rash to venture to place a limit on the demands of the next half century or to 


or 
detail such demands. While railroad or transmission service has. been. ‘much 
: improved, the general criticism is rather ‘that it has ‘by no, means ‘Kept p 


oF 


ace 


‘with the more or less reasonable demands ¢ of its patrons as Possibly the main 


"grievance of the commuter is the hitherto ‘general lack of r recognition by the 


carriers, a number of which ‘are “trank line” ‘roads, that the commuter service 
hould be and is, in proper practice | as well as in theory, a rapid transit service | 


ag that cannot be handled satisfactorily by a mere local application of through | 


t ava te ot OY 


peed practice nor by any multiplication of merely local x passenger service. 


Ott Te 19 if cit, 
In practical operation there is a fairly clean-cut distin ction between | com: 
} muter and local business, although at times and in ‘certain sub- sections of the 


‘territory the line of’ cation is 
- The Culnamater’ s dream to- day i is of immedi ate, comfortable, and safe trans- 


a ‘portation | at any time, between his dining table and his ‘office desk, with thout 


change of conveyance, and at ‘a cost not exceeding that of the local street car 


fare. Manifestly, ‘this ‘is phy sically as w vell as” financially impossible. 
problem is as to how nearly. this dream can be made to come true. Any I 
even when fully completed, will still involve the use of local means of distribu. 


‘tion by a considerable number of commuters ae this” extent at’ least any 
“commuter service is ahd always will be “tied in ‘with the loeal service, 


‘any and ‘all merely theoretical attempts to disassociate them. bavodits a iar 


“any ‘Neverthel ess, what can and should be done is to develop and, Wibod vs 
“operative e effort, inaugurate some plan ‘that will provide ‘Tapid, ‘teliable, 
4 -fortable, and safe commuter transportation with a a through service as direct | 


a 


and convenient : as may be economically possible and a at minimum ‘cost to all: 


Ss 


= 

-YEREANCE ON METRO DISTRICT SUBURBAN TRANSIT [Papers 
conce 
quest 

betw: 

— and. 

“tors, 

of 

lea 

rath 
Riel 
and 
hatt 

—_— pro 
— Th 
ant 
‘Tes 
‘wo 
rat 
Ta 

86 
4 


Papers] ‘YEREAN 
eonce ned: There ‘are t 

question of ‘comparative: costs eliminated for moment. devi 


cannot be most rapid for any “one user unless it is direct ‘and without stops 


between his terminals. 4 It ‘eannot be most convenient for ‘all users unless it 
is more or less indirect and with’ frequent stops. ia To provide for both ‘present 


and anticipated requirements, in making a wise adjustment ‘of these two 0 fac- 
tors, there is needed the vision of a Moses and the judgment. of a’ Solomon, 


Tn any adequate soltition ‘offered, : full and ample » provision must be made 
of course to serve all outlying’ sections and to serve them, “approximately at 
least, with equal « efficiency. ‘Tei s to be inferred from the paper* that Staten i 


Island should be grouped iwith the outlying sections, and offered a commuter 
rather than’ city rapid transit service | While Stat Island (Borough of 
Richmond) belongs geographically ir in the State of Ne ew J Jersey it is both legally 
and politically as much a part of New York City as the Borough o -Man- 


hattan. "Should not Richmond, in common with the other boroughs, 
a ia: extension of some city rapid transit route now or later serving M 


and would it not thereby be better served? If so, there are, three routes 
possible for such extension, as follows: (a) Brooklyn a and F ort Hamilton; (b) 
Bayonne; ; and (ec). Governors, Island. first | two are | roundabout, long, and 
populated. routes that could d not provide either. rapid or’ comfortable 

with the of. equipment best. adapted to a strictly. local. use. 


"Furthermore, the second would involve : incursion | into the territory of 


another State. The third ‘would necessitate more than five miles of sub-\. 
- aqueous tunnel: but it would be almost a “bee-line” to St. George and would 


provide direct. rail. communication between Manhattan and Governors Island. 


of New she shall be. served city rapid line wh 
would handle most, comfortably, a relatively long, two-way traffic. Some day a 


rational. and simple, system of fares: will be adopted making ‘such operation 
foancially possible. Perhaps the author | contemplates merging the commuter 


2 the routes of the J ersey Central, Pennsylvania, and Lehigh Valley Railroad Com-» 
‘panies. near, Elizabeth, continuing them thence by way of. Howland 


rans- § Hook, North Shore, and (with: the Baltimore and Ohio Railroad added), Route _ 


thout Ce). to a connection with the, proposed new Manhattan loop. This is plainly 


t Car “not: ‘a mere, question. of detail; ; it must, be decided before the design of the 
southern, part. of the proposed loop could be even successful 


ribu- Whatever plan, is adopted must be that term is 


any § understood. To insure this as nearly as possible, the completed design 
spite be: (a) to and prospective needs $i and readily | 


now to. swith any degree of. demand. “New 
has had too many cases of expensive experiments or badly 
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manipulated, the money. others: can squandered.. The 


~ continued and inevitable trend of business ‘northward in Manhattan may be 
temporarily halted, but evidently it cannot be stopped. 


_ Considering the number and importance of business. interests now located 
as far north as 59th Street it would, appear distinetly shortsighted to , consider 4 


seriously laying the north side of the proposed loop along 57th ‘Street. The 


proposed Improvement should be really permanent and a a minimum ‘reliance 


placed on local distribution services, If 57th Street or 59th Street should, for a aa 


“4 any controlling reason, be finally « decided upon as ‘the ‘northern | limit of the pro- 


posed loop, it would s still be an open question whether the Hudson River | 


#5 
crossing there could better be effected by tunnel ¢ or by bridge. This question, 
. should and must be decided more from. ‘the operating than the engineering or 


financial viewpoint, because the value the monumental enterprise under 


: consideration cannot be impaired by any relatively trifling differences in first 
 eost; only the best plan will prove acceptable. 


Such a comprehensive plan as the author outlines should be susceptible of 


construction and operation (1) to insure the earliest possible 


i commuter relief that could be expanded as as construction progress | permits; and 


(2) to provide an income for application against the carrying charges. At 


ee the very best, the work: of actual construction will ‘extend for some years after : 


any adequate plan shall have been | adopted and financed. | Tf the plan of a 
complete loop on Manhattan» ‘itself is adopted, one of the east- and-west or 


fs 
 north- and- south sides, with two connecting river crossings, should be com 


mee 


pleted, and limited -through- routed operation should be inaugurated Before 
construction 0 of the remaining | work is begun. —Tti is hardly likely that the 


ts citizens or the: local authorities would tolerate such a widespread interferenc 


with Borough life : as. would necessarily result. from an attempt to ‘push 


coincidently on all sections of the entire plan, were the required labor avail- ae 


able without demoralization of the labor “market, injurious’ “effect 
other 1 necessary projects, anda considerably increased labor | cost. In any plan 
f operation, _ temporary or permanent, U- -shaped routing should: be avoided, 
except where topograp phie conditions necessitate it. For instance, “routing ove 
Central Railroad of ‘New Je y and New York, N ew Haven, and 
f ilroad of New 
J Jersey and the Lackawanna (also via “Manhattan) as passengers between 
the latter localities: ean handled more quickly and cheaply’ directly be- 
tween Elizabeth, ‘Newark, and Paterson, than throug the congested | ce miter. | 
a hy The cost of the 2 plan outlined by the author is given as from $1 250 000 000 4 
$1 500 000 000*. Probably better guess would be $2 500 000 000 to $3 
000 000 ) before a complete plan is 3 physically realized and ready for operation. 
the mind of man appreciate this colossal This amount 
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‘oad oF more e:than the combined ‘mileage 
Chicago; “Milwaukee, St. Paul and Pacific all their: subsidiaries 
a ‘This is surely the. time and the place’ to “Stop, Look, Listen”. Relatively 
little if any of this cost should, ‘de presumably would, be mét by special -assess- 


“mento on private property which, in this territory, is now carrying about all 


the tax load it can stand. Local authorities can be depended upon to further . 
assessed valuations in recognition cof any possible advantages 


aceruing. he ssumption of a‘ $ 33% lower’ interest rate on this stu- 
endous amount seems rather optimistic and hardly warranted by the presen a 


or prospective conditions of the money market. ‘The best authorities seem to 
agree e that the days of cheap mon ey are past. Quotations | of the conservative 
tax- exempt municipal or State bonds clearly indicate this. he revenues are, 


properly assumed derived mostly from increases in fares to be paid by the nt 
users ; but this increase would be roughly between 50 and 200% and, if ‘exp 


ence is s of any value, will result in . reducing materially the number of. probable 


Ss 


thy Any adequate plan adopted for commuter 1 relief, or passenger. service only, 
would involve an enormous investment in an extensive plant. be Even with. all 

through operation, that i is, no looping or turnbacks on | Manhattan, the denser, 


Pe 


central s section, when y utilized, will | be a very “hot” piece of track during 
the so-called rush hours; ; but 3 it will be little used during mid- day and. evening, mw 


and practically i idl e at ‘night. ‘The load factor, consequently, must be low, 


probably. less ‘than 40 per cent. The greatest industries which are ‘relatively 


much smaller than this project, could not ‘survive under a. maximum of. 40% 


of capacity. production or operation except as long ‘as their accumulated 
reserves night last. How then could a railroad project 


prove’ economically ‘successful under 


legislative and economic restrictions? 


‘efficiency. due 
in material costs, labor or tax imposts. here is every 


and financial reason why such a plan as the ‘author describes: should provide 


for both freight and passenger write. "Freight of course should be handled 


in off-peak hours and not conflict with the passenger ‘service. ay 


outstanding incontrovertible fact in ‘the ‘pape r is the author’ 


' statement that ‘ ‘individual effort would be ineffective and could not succeed”. 
Co- operation must. be secured between all National, State, ‘and local govern- 


mental authorities concerned, allt railroads in the territory, bankers, and the 
investing public and potential patrons. This simply ‘means that practically 


all who are in any ‘way affected ‘must be convinced of the | advantages that will 


wre 


acerue to each group. Assuming this Governmen 


3, would facilitate (through the War Depart- 


cit. 
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ithorize a of rates for the interstate 


approve’ adequate intra- state service “Yates. The City: of. New 


“ass still more to gain, has still ; more to do; that is, hold in check any obstructive 
influence, authorize the exercise of necesssry. functions, and “accomplish an 


effective street traffic control. Instead of involving further large expenditures, 


(a) By abolishing 4 day- time main highway or in any central 


Tt now requires att to 30 min. to travel on the Broadway line from 8th to. 
39th “When the “necessary street traffic relief has ‘been obtained 


_ the street railway companies are again accorded ‘the | opportunity to exercise 


ye their full franchise rights i in serving the this condition wi ll be 


The street railways, with ample ‘capacity for several times ‘the - number of 


their present discouraged Patras, will then resume their proper function as 


cal distributing : agencies and will again 1 demonstrate that they offer the best means 
~ to-day for short-haul, local, mass transportation. — When any better is developed 


tee 
“Most of ‘the railroads naturally will extremely cautious in their com- 
in ly 


it inevitably be adopted, but nothing of the kind is as yet s ‘sight. pare 


_mitments because participation any such e enterprise will entail early elec- 
. trification of their lines from practically the outer limits of ‘their commuting a 


territory to point’ of connection with the: delivery ‘scheme. Furthermore, 


ntil impending mergers dre more clearly developed. (not, to the 
ultimate two- -system plan), other and | joint improvements cannot intel 


~The a thor gives no hint as to his idea of the ownership, either immediate — 
¥ 


or ulti ate, of the extensive plant required in the plan outlined, He does 


—Ingieats that ren is to. be paid: by ‘the new company for its v use, but 1 not to - 


-whom that rent would be paid. _ Any idea that. the entire cost could b be n met by : 
definite and substantial guaranty is clearly untenable. 4 
Without a. fairly cushion’ behind them such bonds. could be marketed, 


if at all, only as speculative | securities, as such ‘they would | entail a 
interest rate. As a matter of fact, there. is no reason ‘such. a plant, 


 ingluding roadway, structures, _ and equipment, should be considered or treated 
“otherwise than are the similar, terminal, plants, of the New York. Central, 


-Pennaylvania, « or any ‘other railroad. This enterprise should be on identically 
- the same basis of ownership | and supervision, n, being brought into existence and 


sponsored by all who are interested . in. serving the traveling’ public. for © 
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corporation be organized to 
this ‘property. Tt should have all the 


oe a any other railroad and should serve as a terminal road or switching ua 
6 r transfer road with expanded functi ons. be: Stock to a total of the ainimum | 
_ physical value of the completed roadway, including land occupied. by neces 


gary structures, should be issued and ‘taken at par by all ‘pailroads in the ter- 
ritory on some equitable basis of apportionment. _ Long- term bonds, 40 or BO 
Weara for ‘example, should be ‘sold. to the public i in an amount LORETO ARETE ‘the 


"remainder of the cost of the completed plant, neluding structures, equipment, 7 


except rolling stock, ‘and all overhead charges. ‘These bonds, guaranteed by. the 
: carriers, should be amortized | ‘through a ‘sinking’ fund provided from revenues: 


additionsl securities, the same should b e issued only for 


“cars, with | a minimum) guaranteed, “protect ‘the terminal 


“revenue. _ ‘Freight 1 revenue would be based on the ton- mile and would include 


terminal charges: on the several ‘elneecs for handling, but ‘not for storage. These 
would be net rates determined by deducting from the gross rate, for each type 


of service or class o of freight, a proper r remuneration to the individual roads een 
for: the use of cars and crews while on ‘the terminal company’ 8 line. ae 
- Early agreement is desirable as to what | agency could best directly formu 


: late 8 such a 2 plan, develop its details, and complete the | construction required 


‘Successful early accomplishment could more reasonably be anticipated if all © 
those whose co- operation is required, especially those more , immediately con 


“eorned, were active participants as ‘members of a commission authorized by 


rep? 
each” State and recognized by the Federal Government. Any such commis-— 
sion, composed of only icc or only railroad men, would make very. slow 


‘There are in existence ‘ day, two bi- State agencies—the Bridge and Tun 

nel Commission and the Port Authority. Each is composed entirely 


political appointees, and each i is proceeding under the authority of both New 


York State and New Jersey. ‘The former h has built one 1] highway bridge and nee 
one highway tunnel ; ‘the latter has made an elaborate report on freight con- 


ditions at the por rt and has presented : a a plan for their relief. It has built two ; 
bridges and has a third under construction. In this entirely arbitrary 


division of 7 province there is too much evident duplication and, what is mo 
- serious, opportunity for conflict and expensive competition 1. The obvious sug- 


are that the Bridge and the Port jurisdiction 


Port Authority should be Te- “organized s so as 8 to include representatives 
om each State, the tog New ad system, and a resident Ose 


body , with po 
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panded ¢ to « cover both passenger and freight should have similar juris 


intrastate. at the Port of Sen Yak ‘As a special assignment, with 
necessary extended powers, t the. Port Authority would also be given. of 
‘the design and construction of an adequate plan to combine relief for com- 


Bee with the salient features 0 of its predecessor’ 8 plan for freight relief. * 
All costs of design and construction to points of junction | with the indi 


TOC) 


vidual roads, or combination of ‘roads, would be met, of ‘course, by) the new 
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was born at East Windsor (Seantic), 


ary 7, 1835, the son of John Bissell. and Elizabeth (Thompson) Bissell. 
was a direct descendant _ of J ohn Bissell who settled in Windsor, oan, in 


deeded the schools of East ‘Windsor and Williston 
‘at Easthampton, Mass., where he prepared for college. ‘He entered Sheffield 


School at ‘Yale ‘University i in 1857, but three months before | his graduation 


eall for the’ three months’ volunteer service, enlisting on April 18, 1861, 
serving his term: of ninety - days, : and being mustered out on J uly 31, 1861 
On August 23, 1862, he re-enlisted in Company G, 25th Connecticut Volun- 


rst. Connecticut ‘Volunteers. was one of the first. to answer 


| teers » and was chosen Fi irst Lieutenant, of that Company, which was largely ue 


‘made up of volunteers from his home town of East elem and the neighbor- y 


service was for nearly. sixteen months. dea 


full was” mustered .on 26, 1863, that his 
mu 
en With the other students of Yale who left college to enter the Army in 


1861 , he was given the degree of Bachelor of. Philosophy 


an example of Mr. Bissell’ “oneness. of. purpose. the following is taken 


from his personal memoirs: “When a pupil in Williston he was asked by ee 
J; M. Stoughton, an old friend of his. father, what he intended to do, and 


his reply was, ‘T am going to help build the Pacific Railroad; then go to South 


to give me all the money | I want to enjoy life’.” Lyk And i in his personal : memoirs 3 
written after his retirement from all business, ‘Mr. Bissell adds this statement, 


“I have done all but the last of these.” 
Soon. after his discharge the Army Mr. Bissell went to. New ‘York, 
N. Xa and at the office of the Union Pacific Railrotd Company in that. city, | 
met the late Thomas Durant, Am. Soc. C. ‘President, and Peter 
Dey, Chief Engineer, | of the proposed railroad. As. a ‘result, of this. interview 


he was appointed Second Assistant, Engineer by Gen. J ohn A ‘Dix. and, on 


some first- -class railroad int the ‘United States; later, I will invent 


April 1, 1864, reported at that, Company’s office at Omaha, N ebr. From this 


date until ‘its, completion on “May 10, 1869, he was engaged on me 


: * Memoir prepared ba Ww. Tucker, M.A 
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Memo’ 


t Engineer, Division Engineer, and Resident Engineer, but in 
latter part of his” service much of his time was, ‘spent in. special at the 
‘neces 


then called the 


was the: only who with: the “undertaking from 


the beginning of ‘the lines to | its completion, a period of. more than five and 


one-half years. In his own words, he had “staked out ‘the first culvert at 
and was present the was driven | at Promontory Point.” 


met Mr. (Bart; “then! President of’ Union Pacific Railroad | Company. Mr. 
invited him to ride over the road with which he had ‘been so ‘intimately 


connected thirty-five years before, furnishing him and the Division Mai 
Engineer as. ‘escort; and arranging for the entire trip to ‘be ‘made by daylight Line 
Again, ' in 1919, on the occasion of the Fiftieth Anniversary of the driving burg 

i ial the gold spike, Mr. Kennedy and Mr. ‘Bissell v were guests of the Railroad | Chie 
re the only ‘representatives of ‘the original ‘engineering of 2 

n the Union! Pacific Railroad ‘closed in J une, 1869, Biss 

nd he returned East, Berets been there only & short ‘time when he “was brid; 

asked by Dr. . Durant, the former President of Union Pacific Lines, to 
undertake the location of ‘the “Adirondack proposed. to be run 
gra 

“started idte® in August, that fall of 1870 the 
of surveying and grading was carried fo forward ; but during 1871, money 
reti1 


being searee, little was done, and the work or on this line was closed. 


‘Early in February, 1872, he received an offer 1 to BO to South America on 
-the'roads then being built and projected by Mr. py fenry Meiggs for the Peru- 
“a vian ‘Government. “He sailed from New. York on May 15, 1872, and after a 


stormy passage to Colon | (then called Aspinwall), and» a ‘slow “trip “down! 


very 
: the W Jest Coast, he finally landed at Mollendo, the Port of Arequipa, Peru. 6 | me 
His work was that of locating and building the railroad from -Tuliaca, 
ortherly up t the Pucara River a distance of about 100 ‘miles, this being 
on what was 3 projected | as the main line from Puno, a port on Lake Titicaca, of 1 
to Cuzco, the ancient Inca Capital of Peru. _ This section, being northerly He 
of ‘Lake Titicaca, was located on the backbone ‘of the Andes and jpis 
12 000 to 14000 ft. in elevation for. its entire length. The 
" "The 100 miles.were located and graded complete and ready for track’ and | 5 
Mr. Bissell was ordered to establish his camps and ‘get ready for the location § 
cand grading of the remainder of the line into Cuzeo when he received sudden 
to stop all work and leave nd at once. revolution of 
Du 
soc 


: 

_ oo located and built much of the original line from Laramie, Wyo., to west of and . 

§ ‘ae Green River, and he was one of the party who ran the 3 

from the south end of Great Salt Lake westerly into wl 
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at these high altitudes with few, if any, white men, and at a time when it 1 ae 


necessary to live as the catia lived; he always” thought that his thin hair 
and b beard:3 were one of ‘the results of his mode ‘of living during these two year 


tee Returning to his home from this work early i in 1875, he received an Offer 
to go with the’ Cleveland, Cincinnati, Chicago an St. Louis Railway Oom- 
pany and for the next three years was with that road in ‘various engineering 


capacities, revising locations, examining bridges, ‘constructing cut 


from Cincinnati, Ohio, to the north and west. 


‘February 1, 1878, Mr. Bissell “was appointed Master of Maintenance 
of Way of the Eastern Railroad Company extending from Boston, Mass., ‘to 
Portland, Me., with headquarters Salem, Mass. The then had 
270 ‘ae 3 road. In 1884, it was taken over by the Boston and Maine Rail- 

road. Company and Mr.’ Bissell ‘was made Chief Engineer ‘of the Boston and 
Maine Lines, headquarters at Boston, Ih 1886, the Boston and Lowell 
Lines were taken over b the Boston, ‘Maine; and, in. 1900, the Fitch: 
burg | Lines came under the same management, so. that Mr. Bissell became othe — 
Chief Engineer of the largest. railroads) in th the East with a mileage 


While acting as Chief. Engineer. of. the Boston and Maine | System, Mr. 
Bissell had charge of the rebuilding of much. of the r roadbed, many of the 


bridges, and the greater. part of the’ railroad stations on that line. | He relo- 
cated many miles « of the first road, double- tracked much of the! original East- 
ern and Boston and Maine Lines, and reduced grades and curves, eliminated a 
grade crossings, and built many new yards, terminals, wharves, and docks. 
as On J une 30, 1909, Mr. Bissell resigned his position ; as Chief Engineer after 
having” served thirty-one years and, in his announcement, President | Tuttle 


retired him with the title of Consulting Engineer and paid him an excep: 


low ‘ing year he went to California where he made his home in siitelmsal i 

oo Mr. Bissell was a man of ‘rare intelligence, great integrity, and oneness | 0 

‘purpose. He held the respect and loyalty of all those with whom he came 
in contact whether they. were the men of his own organization or those of ‘the 
contractors and builders. with whom he so associated. di 


of ma 


Thomas, Ont. , Canada, to whom he was married in 1875. and by whom: he 
had. three. sons, all living. His second. wife, Segrid Johansen, to’ who om: he 


was married i in 1910, died several years later. dow 


Mr, Bissell a member of the. Yale Engineering Association, Boston 
Society of Civil , Engineers, Engineers, 


Engineers’ . “rohitecte’ \ssociation, and the. ‘Ye ale Alumni Aséociation, 


‘During his long he was a member of - many of the leading 
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In his carly. ‘aaithems he was a member 


grozational Church, but after: marvin e he united with the ‘Protestant 


Episcopal Church. opodt od i bevil Bh OF 


Mr. Bissell Member. of can | ociety, “of | Engi- 


Soc. E, who. was elected on M March 


Past- President and ] Hon, M. Am. Soc. who was elected on September 21, 
1869. Bissell served as a Director. of the Society. from 1905 to 1907. 


Ste: James Hopkins Dousman was: born at Milwaukee, Wis., » On September 24, 


1863. “After completing the courses in public schools ‘Milwaukee, he 


entered the University of Wisconsin, at Madison, Wis., from which he was 
graduated with the Class of 1 1884. Even i in early life he displayed energy 


pp ai always: one of his most prominent attributes. By utilizing all his 
and other spare time, he managed to acquire the equivalent ‘of one 


and one-half years of | actual experience. — During this period he worked for 

the County Engineering Department at Milwaukee, the Chicago, , Milwaukee, 
St. Paul Railroad Company, and for the late C. B. Davis, Am. Soe. 

E, a’ Consulting Engineer, at Chicago, th bas. 


After graduation, his | first “position was that of “Transitman with 1 the 


United States Engineer Corps; ; subsequenitly, for. three years he’ acted 
Deputy County Surveyor of Edwards | County, Texas; and then from 1888 | to 


1892 as Engineer for thé Land and Station Department ‘of the: Galveston, 7 
Harrisburg, and San Antonio Railroad Company. 


In 1898, Mr. Dousman organized the firm of “Dousman 2 and Sh Idon, 
of which firm in a 1895 that of 


for the ‘Chicago, Milwaukee St P Paul 


‘Railroad Company and water- works and sewage design for the Cities of South. 
Milwaukee, and Delevan, Wis., others. Also, during this period he in- 
vented an- automatic: pressure r regulating valve for stand- pipes and other 


‘These valves were used in a number of cities, and a special 
“installation was made for the Cataract Construction ‘Company, « at ‘Niagara 
Falls, N. Mr. Dousman also invented | the “Dousman hangers” for earry- 
ing falsework on steel construction when. conerete or terra cotta is used for’ : 


fireproofing. In 1898, he became associated with the “Milwaukee 


1902 until 1906, he was again engaged in in practiog in ‘Wisconsin; 


r-works and reinforced conerete design, 
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1906, charge as City Engineer of a an important 
% improvement at ‘Trinidad, Colo., which work he finished i in a highly creditabl 


; 
"manner. ‘He then went to ‘Kansas City, Mo., as Representative of the Amer 
: jean Well Works of Aurora, in Kansas, Oklahoma, Western Missouri, and 


3 Southern Nebraska, and continued this connection until his death, 


There | were few, ‘if any, who could | equal Mr. Dousman in the bah 


way in which he not only sought and obtained ‘contracts, but also i in 1 the w 


-* contracts 1 were completed. 1 In addition to serving his firm ‘well, he ren- 
ered a great service to ‘the purchaser and the public in expert and tru 


ote 
worthy’ counsel and advice. He _was _suecessful, and universally | liked and 


“only had ‘the respect and friendship of those to whom he ‘was ‘also 


that. of his "competitors. a Until his last sickness, Mr. Dousman’s entire | life as 


his e ‘experience as Machinery Sale “The have 


heard any one, anywhere, question J im Dousman’s for 


energy he has anybody beaten I have ¢ ever 


Mr. Doasman ‘died at his home in Kansas. City on January He 

is survived by his widow, Ina M. Dousthan, two sons, Donald J., of Kansas i) 


sman 


is 


HORNE, M. An. Soe 


sy 


‘Harold Wellington Horne, the son of George and Mary (Barnard) Horne, 

was born at Belmont, Mass., on October 12, 1873. He was graduated from 
Harvard University with the degree of Bachelor of Arts in 1894 and from | 

4 the Lawrence Scientific School, “Magna Cum Laude, with the degree of Bach- 


of Science i in Civil Engineering in 1896. 


paadt Horne’s first employment was as Rodman with the Metropolitan ‘Water i 
Board of Massachusetts, in September, 1896. Later, he was advanced to ‘the 
position of Transitman and remained on this work until March, 1906, having 


been engaged on various structures for the distribution ‘of water to Boston, _ 


and surrounding municipalities. — 


"From. March, 1906, to’ January, 1912, he served asa 


with the ] Board of Water Supply. of the City of New York, ‘first, on a. 


surveys for. the Catskill ‘Aqueduct within the Hudson River 


later, in n charge of the construction of a section of the Aqueduct whic 


‘the ‘Bull Hill ‘Tunnel and the Foundry Brook Pipe ‘Siphon. 
In Ja january, , 1912, Mr. ‘Horne ‘became associated with the Board of Wa 
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work then being undertaken for an additional water supply. At first, he 


> 


was with. ands subsoil “surveys fo reser- 
yoir and ¢ dam locations and title search of large areas 0 of land takings. 


he took charge of. the construction m of the - structures, comprised 


al highway, ‘tunnel, and ‘conduit, together with 


8 railes. of 42-in, pipe and the main dam, which was a high. concrete structure, 
Later, he undertook the | construction of the long. earth dam at] New w Hartford, 


Conn., for "the compensating reservoir. This work, was, concluded in ‘March, 


From 1918, to De cember, 1921, he was Assistant Division. Engi- 


tion of the for flood of the Miami River. 
ak here. followed, an. interval of about five years devoted, to. private affairs: 
n business enterprises in. which engineering played. no large. part. 


, however, became convinced ‘that. permanent, retirement was not 


vise. His. education, experience, and native talent all combined to 
make engineering the most ; useful as \ well as the most congenial field for, his 

effort. Consequently, he ‘resumed his professional. work. 
In October , 1926, he was called. to o the Metropolitan District. Water Supply 
of ‘Massachusetts, as ‘Assistant District Engineer. On June 1, 


TV 


1927, he was promoted to the position. of District . Engineer in which capacity 


he continued until the time of his death. He. was given senenel charge of the 
“preliminary surveys surface explorations for the aqueduct, tunnel 


from ‘the Swift River Reservoir to. WwW achusett, Reservoir and, subsequently, 
construction | of a part. of this, tunnel, He lived. to, complete only the 

_ Uae his friends and associates is Jeft the memory of a a kindly spirit, a wide 
ulture, especially in the arts of music and literature, and a soundly educated 


Ee mind. They recall, moreover , the singular fidelity and painstaking devotion 


4 


to whatever task was. in hand, tedious and uninspiring: though it sometimes 
which were the true expression of his 4 ingenuous and honorable nature. 
Horne was married in (1915, to. Anna Garfield Davis_ who, with two 


; _ He: was a member of the New. England Waterworks Association and of the 


Harvard Club of New York. sed | oi aM 


Mr Horne was elected an Associate. Member of the American Society of - 
a — Civil Engineers on October 2, 1907, and a Member on December 3, 1913. 


it 
JULI ME OW: ELLS, M, Am. Soc. C. 
~ Julius Merriam Howells was born in Bowling Green, Ohio, on March: 26, 
1859, the son of Joseph and Ruth Merriam Howells. His childhood was spent 


on a farm in what he termed, Swamp”, near Ohio. His 


2 
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Swedenborgian Ohiureli in in his religion in place of the old beliefs. 


Remuneration from his medical pr practise among ‘the farmers being inadequate i 
for his large family, he moved to Richmond, Ind., where he entered ‘the drug 
business. | J Joseph Howells’ idea of justice was so unique that upon arriving 


at a : degree of success, his‘conscience forbade him to enjoy such an easy life, 


o he again took up his more moderate: practice as a physician. This’ quality : 
, mind was inherited to some extent by his son, J ulius, who loved his profes- “i iia 
‘got! as 1 engineer, but had little regard for the money it brought him. 
; af J ulius Merriam Howells received his education at Earlham College, Indi- 
“ana, and, later, from t the late J ames E. Mills, M. ‘Am. Soe. 0. E., Geologist, — 
California. Like many’ others of the older engineers, Mr. Howells had 
first’ practical experience in railroad location and construction for the Monarch 
Pass, Gunnison and Dolores Railroad, in Colorado (never built), and the 
Denver Rio Grande ‘Railroad in Marshall Pass and on the Rio Grande 
River, in Colorad . During 1881 and 1882 he was with the Maintenance of | 


Way of the Railroad Pittsburgh, Pa. 


Geologists, his headquarters being at Quincy, Calif. From | 1884 to 1888, 
was Assistant City Engineer, | and then ( City Engineer, of Richmond, Ind., i Pe 


‘at which time: he became a Member of ‘the Western. Society 

From 1888 to 1892 he practised as Consulting ‘Engineer in Chicago, Ill. His es 
‘included work for: the Municipal Investment Company, a Chicago 
firm, and he also‘ served as Chief Engineer for Fostoria, Ohio, , where he 
designed and built the entire system of water-works. aid 

‘oa rom 1892 to 1894, Mr. Howells was Chief Engineer of the Santa Fé, 

Mex., Water’ Company, at which time he did ‘his first work in n hydraulie- fill, 

dam construction: He built the Santa Fé Canyon Dam, where he experimented 

with the hydraulic- -fill, process. He then spent a year as Chief Engineer of 

the Tyler, Tex., Water. Company, where he designed and constructed the Tyler 

Dam, the first hydraulic-fill dam ever built.* He also represented the Munic- — 


-Tnvestment Company, of as Engineer- -Inspector properties” 


the Santa Fé é | Gas and Electric the Municipal Coun: 
Prom: 1895 to 1898, he was Chief Engineer of the San Diego Flume 
Company, and built the La Mesa’ Dam. In 1898; he designed the Pine Valley 
Dam, w hich was never completed. From 1899 to 1901 he was Consulting Engi : 

neer for the San Joaquin Electric Company, for which Company he built the 
ae ie te In 1901 Mr. Howells became associated with the late James Dix Schuyler, 
‘Am: ‘Soe: C. E., of ‘Los Angeles, Calif., which association and friendship 
“comeinued denthl the ‘death of the latter. In 1903, he built the Lake Francis 


Darn \(hydraulie- filly for the Bay: Counties Power Company, now the Pacific 


> Water P wer, and James 
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wells, Schuyler, M. Am. Soc. C. 


It was in 1901. that. 
Big. and Feather River hydro- electric development; 
to 1905 he worked at interesting capital, ahaa the Feather River project, 


obtaining early ing and construction, see | 


a rom 1905 ‘to 1909 he: was « employed by the Kobe Syndicate i in the develop- rs 
ment. of the Anglo-Japanese hydro- electric. project, in Japan, following which : f 


he spent nearly a year in Switzerland. | During 1910 to 1912 he was in Porto 


se. 
Rico as Chief Engineer of an irrigation system near Barceloneta, for. which 
Mr. Schuyler. was Consulting Engineer. oxitoe Balin 


From 1912. to 1927 wells consulting 

engineering practice in San F rancisco, | Jalif., his clientele including the East 


Bay Water Company ; the Western Canal Company ; ; the Ocheco. Irrigation 
District; the ‘Reclamation District No. the Montagne Granada Irri- 
Districts; 


‘this: ‘same period—1912 to. Consulting for, the 


1926, he engaged in the of the Big Meadows Dem. 


Howells | had an unusual imagination and faculty of accurately visual-— 
zing structures ‘in their completed state, long before their construction. His 


natural ability to estimate quantities and costs of engineering works amounted — 
to genius. His associates would laboriously prepare an estimate only to find 
that they verified his simple. estimate given weeks before. without. any apparent 
effort. He had a natural knowledge of. proportion and logic, viewing all prob- 
lems ‘in their entirety without being confused by details. q He was au idealist 


n his. profession as he was in his: private life. He had a a rigid code of business ba 
ethics, and a very fair but strict idea of justice. Hits ot af! 


He readily grasped the economic and political aspects of problems and, due 
to this. trait, found himself useful as an engineering diplomat and. arbitrator 


in controversies among reclamation: Aistriote in ¢o- with State 


trait... He took great in his work and ‘keenly, enjoyed ‘the 


engineering profession. He was an exceedingly hard worker and preferred to 


work rather than to the usual diversions of business men. bits 


economies. He constantly, indicated to his 2 associates: where savings: of money 


any 
simple shat others To illustrate this, J when, the « consolidation — 


of an earth dam was being contemplated and intricate methods of 


ere. being discussed, Mr. Howells: accomplished a 


was also, exhibited 


in his rather inventive turn of ‘mind. Z 
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of: Economic Committee of Section of Pas! 


In his private life Mr. h ‘Ie 


ghest t code of morals and “might have rte the i impression ei being intolerant ’ 
Pin 
vidlators of his strict code. He was devoted to his home and family. He 


 was.a great lover of music and provided musical training | for each of his” 


children. Hey was s éxtremely interested 3 in and animal life as well as 


bs subjects and made frequent gbabiniid to them when in the field on business. (5a! A ne 


other interests were: ‘Commonwealth Club and the League of 


Nations Non- Partisan Association. He stood for the Republican’ Party’ in 
polities. ) He was a member of the Swedenborgian Church, but during his last t 
few "years he was affiliated with the Unitarian Church, being interested in its BY 
ducational lecture form of sermons. Ger i ‘tt. OM deer 458 


is ‘survived by his widow, ‘two sons, ‘Hamilton R. ‘Howells, 
Soe and Merriam Howells, and two daughters, Mrs, George F, 


Buckingham and Mrs. Southall R, Pfund. LS Ba 


_ Mr. Howells was ‘elected a Member of the iAmeriéan Society: of Civil Engi- | 


RICHARD LEWIS HUMPHREY, Am. Soe. 


+4 


1869, , the son of Richard and ‘Caroline 
descendant of ‘Benjamin Hales Humphreys, who from Wales early in 


4 


and settled in Marblehead. His father, who dropped the final * from. 
his! name, was a manufacturer of shoes in Marblehead and, later, in Philadel- 
is Pa., and lived: to be nearly ninety years of age. The ‘son was antl 


ated from the Central High School of Philadelphia with the degree of Bachelor 
of Arts in Master Arts i in 1898, an d from the University of 


an chemistry there. Th 
his career in 1890, during the summer 


vaeation: of his Senior year, as ‘Assistant and Topographer to the Division 

bs Engineer, on the Cumberland Gap Extension of the Louisville and Nashville 

a Railroad ‘Company. After his graduation, in 1891, he accepted a “position 
is Draftsman i n the service of the ‘Philadelphia and Reading Rail lway | Com- — 


a 


‘pany, ‘resigning ‘in’ 1892 to become Draftsman and, » later, Engineer in ‘the 
Bureau of Surveys, Philadelphia. - He was assigned, successively, to work on 
plans .for the Cresheim Arch ‘of the’ Wissahickon Creek high- level s sewer, 


main and branch sewers, Front Street plate girder bridge (100-ft: span), ‘and! hd 


the drainage of the: meadow lands in’ South was Designer 
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a pioneer | in work of this character. to's teary: 


1899, :he became Engineer and General Manager of the Buckhorn Port- 
ensuing four designed, built, ny 


Tn 1908 he and: Expert, . serving 
var vania Railroad Company, and other large corporations. He was Engineer in 
_ charge of the construction of the reinforced concrete Exhibition Building and = 
of the. amenbling erection of the collective | American Portland cement 
exhibit’ and model. testing laboratory of the American: Portland Cement 
_ Manufacturers, which exhibit received the Grand Prize at the Louisiana Pur- 
chase Exposition, at St. Louis, Mo., in 1904. He served a as Cement Expert of 4 
States Reclamation ‘Service| and Cement Concrete Expert ig 
the United States Geological Survey, eed was Engineer in charge of the 


Government Structural Materials” Testing Laboratories in St. Louis, Pitts: 
_ burgh and Northampton, Pa., and Atlantic City, LN. J., from 1905 to 1910, 4 


ich laboratories he planned. He was Chairman of the Committee appointed 
y the Government to investigate, the effects of alkali on concrete and rein- 
forced “conerete, used in the construction of. United States, Reclamation 4 


"Humphrey. also 1 made, i in 1906, an investigation for the Government 


— tural materials, the results of which were published asa Government Bulletin. 
He established. and designed the laboratory Northampton, Pa., ithe 


oe testing of the Portland cement used in the construction of the Panama Canal 


of the effect of the San Francisco earthquake and fire on structures and struc- { 
: 
es and was in charge of it until 1910. From 1910 until 1920 he was Consulting i, 


Engineer to the United States Bureau of Mines. During a part of 1910 ‘he -< 
was also Consulting Engineer to the United States Bureau of Standards. 


He. was. the retained i in connection: revision of the York 


Council of N ational, ‘Defense, 1917 18. He was of 


and: further served on the United States Highway Council, 


representing the. War Industries Bogard in 1918. After the dissolution: of 
. Board at the, close of 1918. he continued. to act for the’ Government. in 


planning for the disposal of surplus building materials in such a way as to 
give the maximum price return to the Government ¢ and, at the same time, not 4 


: aL the | 
disturb the building materials market. baw! 


was deeply; interested in| the welfare of the University of Pennsylvania. 4 


As President of ho hie Society and as a Director of the 


«1128; MEMOIR OF RICHARD LEWIS HUMPHREY (Memoirs, 
Engineer in charge of ‘the Philadelphia Municipal Testing Laboratory. 
laboratory grew in importance and in it much valuable research work 
was carried on, particularly in the development of the use of cement, concrete, 
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: duties were discharged with courage a fidel e 
the affairs of this, great educational in institution, 


-in.such organizations. ag as the American Society of Civil the. Ameri- 
can Society for, Testing Materials, and the ‘American, Concrete Institute. _ 


xo In, the American Society of Civil Engineers he was a leader in the aati: 
ment, to establish. Local Sections and in having them take an. important par 


in Society activities. The developments which followed created a new wera i! 


Society affairs and resulted in greater service being rendered to the member 


held, from, the | institution of this Board in 1921, until death. He was 


ing 


high regard with. the of the held ‘Mr. ‘Humphrey 


may be best expressed L by 1 the words: which ‘they addressed to. him on Decembe 


: 
“For. a leading a and distinguished engineer to have made the sacrifice of 

time and energy in the service of the State, that. you have made, affords a- 

_ notable example to the members of the Engineering Profession of how one of ce 


their number can lay aside personal interests, and forego. large private gain, 
‘0 give to the State high service for the promotion of the public good and the | 
elevation of the of engineering. rato FE 


In January, “1928, 8, Mr. ‘Humphrey was appoiite of the 


Committee of the Board of Direction of the Society on Technical Expansion. 
his well as on all committees ‘on which he served, he alway ys 


In the ‘Society for Testing Materiala’ aiid in the ‘bri: 
crete Institute, he had a most important part in the development of cement: 


be concrete specifications and was recognized as an authority on these sub- 
ow! ban , wobia sid qd at off 


Humphrey receiv ved Gold Medal as ‘collaborator at the Louis siana 
Purchase Exposition, ‘St. Lottis, Mo., in “1904, and the Medal of the British. 


-Conereté Institute in 1911. was United States’ Delegate and Honorary 
President of the International Congress for Testing Materials at -Copenhage 


Denmark, in 1909. He was, appointed by President Roosevelt as a | Member of 
the National Advisory | Board on Fuel and Structural Materials and was its 


He was a member | of the ‘Institution of Civil | Engineers (Great Britain 
Société des Ingénieurs | Civils de France (Vice- -President, American Section) 


British Fire. Prey ention Committee; Prevention Association; 
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Geographic Society; American Chemical Society a 


“of mical Industry (British) ; Société ‘Chimie; International 
Association for Testing Materials (Chairman of the International Comimittec 
on Constancy of ‘Volume of Cement) ; American Society for Testing Mate-— 
“rials (organized it and was its first Secretary, 1898- 1900) ; “American Railway 
Engineering Association ; National Association of’ Cement Users’ (First Presi- 
- dent, , 1905-13) ; American Concrete Institute (First. President, 1913- 15 ; First 
Honorary Member, 1926). ; awarded t the > Wason Medal i in 1925 for two papers, 
“Twenty Years of -Conerete” and “The: Promise of Fu uture Development” 
Ocsterreichischer Beton Ver erein n; American Conerete | Pipe Association ; | & 
retary of the , J oint ‘Committee on Concrete and Reinforced Concrete, the ¢ eon- 
_ stituent organizations of which were the National Societies of Civil Engineer s, 
Testing Materials, American n Railway Engineering the American 
Conerete Institute, and the Portland Cement Association; ‘Chairman of the 
Joint Committee on Specifications for Concrete and Reinforced Concrete (since 
1920) ; Secretary « of the Committee on ‘Uniform Tests for Cement ; Secretary of 
- the Committee on Concrete of the American Society for T esting M aterials; and 
member | of 1 ‘the Executive Committee of the Joint Conference on. 
Uniform “Methods of Tests and Standard Specifications for Cement, consisting 
of representatives of the . American | Society ‘of Civil Engineers, American Society 
for Testing Materials, and the United States s Government. | He was also Chair- 
man of the governing body of American Engineering Council and Chairman > 7 


4 Mr. | ity and of 


was an n indefatigable worker, ‘thorough. and in 1 every 


undertook, always an earnest and forceful: advocate of the measures 


_ which he believed to be for the best interest of the Engineering Profession. HO 
was a staunch friend, a charming and lovable companion, and it 
a privilege and a an inspiration to be associated with, him. . The loss of his 


intnenes pin counsel will be keenly felt at future 1 meetings of the Technical 


He is survived by his widow, Anna Kay Humphrey, and two sons. 
Mr. Humphrey | was elected an Associate Member of the American Society 


of Civil Engineers on May 5, 1897, and a Member on May 3, 1904, . He served 
-., Director from 1921 to 1923 and as Vice-President i in 1925. and. 1926. ati 4 


. ‘ 


vas born on October 27, 1851, Marshifeld, ‘Mass., son 


ier Warren and Eliza W. 7. (Weston) Kent. His ) ancestry extends back through 3 


branches: to ten or twelve of the Mayflower Pilgri im: 


by J. Parker M. Am. Soc, Cc. E. 
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ly life was in the 


schools. He academies at Hanover,  Mace., ‘and Woo 


From 1875 to 1884 Mis: Kent was” employed as Chief Engineer in the 
office of the late John. Ww. Ellis, M. Am . Soe. C. _E, Consulting Engineer, of 
Woonsocket, during which dhe “managed the | engineering work for 


‘Worcester Railroad Company (now a part: of the New York, 
New Haven, a1 and ‘Hartford Railroad Company), i 


erection of repair shops at. Valley Falls, R. I., as well as several 


He. was in charge of the design and building of the Woonsocket Water 
W 


i y orks, during 1883 and 1884, on the completion of which he was made Super- bt 


intendent. In 1884, he opene ed offices i in n Woonsocket and Narragansett Pier, 
for. private practice as a Consulting Engineer and Architect. He 


Let 
emained in charge. of the “Woonsocket. Water- Works, however, until 1890, wae 


Mr. Kent served as Consulting Engineer to the Woonsocket Electric 1 Ma- 
hine and ‘Power Company, one of the very early municipal electric power 
plan an nts of New England, the Nourse Mill of Woonsocket being the first textile 
mill in the United States to be electrically illuminated. He in charge 


of the design, ‘construction, and initial operation of the ‘electric light 
a, Woonsocket and also of the first electric street car lines 1 in 1 New y Englan 


harlotte Angel, of Greystone and Narragansett Pier, L , "Survives 
him. He maintained his legal ‘residence in Woonsocket, “although he lived | 
 priticipally at ‘Narragansett Pier from. 1893 until his death from cancer on 


was a ‘member of various, Masonic | bodies in Rhode Island, as 


Or 
Re Mr. ‘Kent 1 was vas elected a 1 Member of the American Society of Civil Engi- 

A: 


York, on November 18, 1855. His ancestors 
on his “father? - side were among the first families who settled i in Albany, N. Y., 


- having come from Holland in 1629. On his maternal side he ° was descended 
from . the Mapes family who came to the United ree before the Revolutionary 


War, and made its Home in Coxsackie, N.Y. 
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187 6 was in ‘the Department « 

under General Graham, who had succeeded Gen. George “MeClella: 
Chief ‘Engineer | of that Department. Mr. Staats served i i n the 
— until 1882, at which time > he had risen to the position of . 


m 1882 to 1884 he was’ % with: the firm of Ross an Sanford, 

‘of Jersey City, N. J. , which was engaged in river and hat rbor work in in New 


“1 Tn 1888, wi th his brother, the late Robert Parker Staats, Am, Soc. 0. 


formed the partnership of R. P. ‘and J. H. Staats which, 
trated, and of which Mr. ‘Staats served as Vice- President. . During the time _ 


t 
of its existence this firm constructed many notable works New fork 

Harbor, among which might be mentioned the North German dD Docks 


in “Hoboken, N.. ot , which were afterward used for t the embarkation of troops — 
during the World ‘War, the. Holland-American Line | Docks, also, in ‘Hoboken, 
and three of the : so- -called Chelsea Piers 1 in New York City. below West Twenty- 
Mr. Staats was considered. an ‘expert « on, harbor work. and dock 


-was retained by. several of the. ‘transatlantie. _ steamship 


In Company: was" Snare and. Triest Company. of ‘New 


This. position, gk until his. retirement, from business. 


He. died suddenly. at York Harbor, Me., on July, 1928, and is. 


Bs by his widow, Edythe T illinghast Staats, and two daughters, Mildred Staats 


Nelson and Fredericka Staats Tuttle. He was a member of the Union. League a 
New York, the Holland Society, and the Sons of the Revolution. 
Mr. Staats, was elected al Member of the American. Society of. Civil Engi- 


net 
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Cady. Staley was at 
farm and attended a district school and Jonesville Academy until he was six- 
> teen years old, when he entered the Classical Institute,' in Scheriectady, N: 

atid He went from there to Union College, \ where he took the course in Civil Engi. q 

Professor Gillespie. He was with honors in 


= 
| received his edueation in the publie £ Gen: Charles KGraham 
nd City College. In 1872, he entered wi 
— 
— 
g 
% 
— 
— 
ig 
— 
— 


; soon, as. Staley was graduated he crossed the plains 


with a . wagon train as the driver of an ox team, ; and after part of: a year spent é 
in n prospecting for gold, he was employed | by tl n 
“pany as a, Civil Engineer. such he was. engaged | on ‘tunnel construction 
during 1866. and. 1867, after which he returned Union College as an 


Instructor in Civil Engineering. . In 1868, on. the death of Professor Gillespie, 


under whom he had “served, he of Civil Engineering. 
Professor Staley, in. 18 


held until 1886 when he was aa.celled $0 School of ‘Applied Cleve 
‘ land, Ohio, as Professor of Civil Engineering and President of the Faculty. — ited 
As a result of his years of experience : at Union College, Dr. Staley pate Bs ’ 
4 to Case well- -defined ideas as to the organization and administration of an. 

Engineering. School. Requiring that he have full charge of the work done 


the, ‘school, eyer willing to assume  Fomponsi bility therefor, | he, never- 


theless, allowed she ‘heed department in “the administra 


the time that he taught at t first 
% years. at Case School of Applied S cience he was: active in the practice of. his 


devoting his time to Sanitary Engineering. _Dr,, Staley early 


recognized the merits: of ‘the separate system. of sewerage, and was. cone of the 


get 


pioneers s in, promoting. its adoption, th this he had associated with 


him, George S. Pierson, M. Am, Soe. OC. E., and together. they designed and. 


“superintended the construction of Separate systems of sewerage in West. Troy, 


and Schenectady, Ne ‘and. in Dayton, on 
Due to the, lack ; of suitable texts on stresses in framed structures, Dr. 


In 1886, Union College conferred on him the degree of Doctor of Philos- 


ophy, and, in 1888, he received the degree of Doctor of Laws from both h Union 


College a1 and Ohio Wesleyan University. In 1920, Union College conferred 


on him the degree of Doctor, of Science. al 


“omb. 
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.  § and Stability of Structures” | (1876) ; and “Elements of Truss Bridges a e 

During this time he also revised and republished Gillespie’s “Survey 
“Roads: and Railroads”, and he, together with Mr. Pierson, publist 

— 
— 
he 

% 
= deal during their summer vacations. He t h iva. 
deal during their summer. vacations. brought back from: these 

of architectural material which he gave to his. classes in a series 
tect ere also open tothe general public and) 


EMOIR OF JOSEPH oat SINNOTT DONNELLY 


D Staley in 1902, in that he and Mrs. Staley: 


ample leisure to travel, for: w which both had a great liking. - After a trip p around - 
the world, they made their home either in Florida, or in Amsterdam, N. Y., 


where he had purchased a farm at Minaville, near the place where he was 
n.' They continued, however, in their foreign travels. 


Staley was a great lover of the horse 2 and during his earlier years at 


he planned to retire upon a stock farm which he was starting in the 
ee West. He had imported Percheron stock from France, and looked forward 
pleasant to raising of heavy draft, horses. ‘However, a 


Asa teacher, Dr. Staley had the faculty of presenting t the ‘prineiples of 


the comparatively simple science that Civil Engineering was in his early 


ing days, in a way that fixed them in the minds of his students. In his 
as President, he ever had the welfare of the individual student — 

n his heart. Whenever the application of a ‘rule, well- -designed for the 

of an individual boy, he 


hesitated to set it aside; and many a student of or 


e preparation had been poor, owed his opportunity to start an engineer- 
ing education, or his’ chance 5 make good after having started, to this quality 


Although retaining the title of Professor of Civil Engineering | at Case fo f 
a number | of years, Dr. Staley early turned over the teaching | to those wi’ 


were to succeed him, 80 ‘that comparatively few had ‘the privilege of working 


under him in engineering ‘classes. Those who did, cherish ‘the memory of 
ts the intimate personal relationship of the classroom, his lack of formality, and 


801 
his sympathetic attitude toward their work. ~ Although few had the ‘classroom > 


contact, there is 1 no former - student, nor ‘member of the Faculty, who was at 
Case during the ‘sixteen years that Dr. Staley its affairs, does 

not hold his 1 memory in highest esteem a 


Staley was elected a “Member of the “American Society of Civil Engi-— 


tively. While at College, he was, ‘a member of the ‘Plom b Bob, the ‘Civil Engi- q q 


| 


FRANCIS SINNOTT DONNELLY, Assoc. M. Soe. C. E.* 


Lo a 
Yo 


Francis Sinnott Donnelly was born in Philadelphia, Pa., oh March 


1884. 4 He was the sixth son of James A. Donnelly’ and 
(Pope). Donnelly, both of whom ‘were born ‘in Philadelphia. f 


a After graduating from the Central High School in 1902, he entered the 


‘Towne Scientific School of the University of Pennsylvania, receiving the de- 


"grees of Bachelor of Science and Master of Science in 1906 and 1907, cpespec- ; 
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, after his ‘eraduation, he became 


afiiliated with the General Alumni and Civil Engineering Associatio 


ve 
During th the s summer of 1908 ‘Ma, ves empl yed as Inspector bj 


: the American Dredging Company, of Philadelphia. On the completion of his 


college work in 1907 he entered the employ | of the American Bridge Company 
at its” plant in Elmira, N. Y., as he had decided that structural engineering 


= offered the most compatible field tohim. In Elmira, he went through the pre- 
liminary stages ‘of office work structural design—tracing, detailing, ete— 
remaining: - there until early in 1909, when he left to work on layout plans for 
the American Heating an nd Ventilator Company, of Philadelphia. 
Later, in the same year, ‘Mr. Donnelly accepted a position with the ‘New 


York Central and Hudson River Railroad Company as Draftsman i in the Office 


of the Engineer of Structures, Exterior ‘Lines. He remained in this position 


4 bout four years, detailing, designing, ar nd ‘checking plans of railway struc- By 


Tr: 1918, he accepted a a position with the Cuba Railroad Company ai at Cama- 


ae Cuba, becoming, in turn, ‘Chief Draftsman, Bridge and Building Eng 
and Office Engineer, which last named position he held at the time of 


rt of the during which tie was associated with 


Cuba (which later became the Consolidated 


of Cuba) was spent in Cuba. He also served for a time in the New ‘York — 
‘§ Office of the Company checking plans of structures for a new branch line and _ 


for new shop buildings. He wa was active i in ‘military service during the World 


pe: During the tit: spent in ‘ean Mr. Donnelly was placed rane of many 


important works of varied character. | Extensions and branch lines were built ” 

requiring new structures ; lines were acquired, which also necessitated new, 
BER 


remodeled, strengthened | structures 


added greatly to the Cuties | responsibilities, 


Mr. Donnelly filled ‘positions with the Cuba 


a and elsewhere with marked ability which was attested by his steady 


ment under each employer. - ‘His never- -failing cheerfulness and taot and his 


- willingness to help other departments, as well as branches of his. own, were 


highly appreciated by his employers and fellow workers 
‘ “He was a member of the American Railway Engineering Association and ia 


Ril 
an organizer and Charter of the of | 


“yee 


December 27, 1919, 
of Philadelphia, who, with - children, 1 Ida and J. 


Donnelly w ‘was s elected an ssociate Member of American of 


and ‘Sonsblidation with the Cuba 
of. 
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‘MARTYNN GRENFEGL EDWARDS, Asoc, Am. 


born i in n the sinall Cathedral City of Cornwall, England, on 


His father was an aécountant, journalist, and: artist, was’ ‘well 


throughout the County f Cornwall for his’ work, in connection with 
the Royal Cornwall Show, | He was also a near relative of John Passmore 


Edwards, the well-known English . dournalist; newspaper proprietor, and 


Edwards: was. one of seven children,. he being the fifth. His father 
died at the age of forty- five when. Ma, ‘Edwards wat faa old: He, received 


‘the Redruth School of Mines. was followed. a. post- -graduate 


course in Mining ‘Wales ‘where. he “won several a free 


ho rshi r th rs ¢ 
sel la ip for t ree years: at the school 


eh Before the completion of the mining course, the Boer. War broke out, and | 
he ‘became a Trooper i in Paget’s Horse attached 1 to the Imperial Yeomanry. he 


_ Was seventeen at this time, and he received a four-bar medal, inseribed, “Cape, 
Orange Free State, South Africa 1901—South Africa 1902”, 


n from the Boer “War he found that a calamity had overtaken 


His another had befriended a poor ‘woman. who was dying from 


‘tuberculosis the throat. Through the consequent an only brother 

cand three sisters died within a short period. 
Se He resumed his studies at the mining School in “Wal es, ae in. 1905, he 
- aeeepted a position in India as “Metallurgist with the Mysore | Gold Mining 


Company. In 1908 he returned to England. and worked as Surveyor ina 
tn mine for the East Pool Mining ‘Company, at Cornwall. A year later he 
“wen the Rand, South Africa, to ac as Surveyor. for an underground devel- 


aie ‘Mr. ‘Balai was engaged by the Messina Development Company, ] Limited, 
from 1910 to 1913 as Mine Surveyor, Chemist, ‘and General Engineer it in ‘the 


f 


‘ dev svelopment of a large high- grade copper mine at Messina, North ‘Transvaal. 


= In 1913, he went to the West Indies: as Superintendent for, the e Curacao 


et 70. Bw 
A Fhosphate Company. He had charge of the installation of self- -acting inclines 


and aerial | ropeways, ‘the construction of bins and wharves. for shipping phos- 


ty phates, the erection of buildings, machine shops, employers’ houses, ar and nat ive 
; quarters, as well as the dredging of a. channel ftom the sea to a lagoon which | 


commission as Lieutenant and, later, a as Captain of 1 a Tunneling Company i in 
the Royal Engineers on the Somme. © At different times on special work, he 


Re had charge of from 800 to 1 000 sappers. In the capture of Mont St. Spene 


e was favorably mentioned in military dispatches by his superiors. - 


rr the period of the World| War, | from 1915. to 1919, he accepted a 
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duting 1919 and 1920, 
Professor ‘Bernard 'W. Holman, of the Roy: Schoo! on 
a work in connection with the ‘Oornish tin tailings. During this period, he di 
some prospecting in in Spain on his own account. 
The voving spirit’ still claiming he returned to “Africa. For abo ut. 


year he was Construction on some manganese property for the 


neer for the | Générale des Colonies at Haut Senegal; West Africa. 


This Company was employed: by” the French Government to study the ‘poss 
R bilities. of the irrigation of the Niger ‘Valley for the cultivation of cotton. oh 4 
1924, Mr. ‘Edwards went to ‘South America, where he ‘was employed as 
a Mining Engineer with the Poderosa Mining Company, in Chile, a concern 
j engaged in the mining of copper. | ‘During the absence of the Manager for six 
Mr. ‘Edwards in complete charge of of ‘the mine. Remaining in 
Mining: supervising the construction of buildings complete 
facilities 1 for ‘mining operations. _ Subsequently, during 1927, he worked on a 


hydro- electric development i in Peru. Divntl hs 
in 1928, Mr Edwards: went to soon thereafter 


are following. an for: was buried. with military 
in St. Michael’s ‘Cemetery, at Astoria, ¥. 


Vogues, ‘daughter of M. Bertin Vogues, of Paria: France. was 
; one time Charge a Affaires in Chile and Minister of Instruction: in Paris, | 


well as an editor of ‘prominence and a proprietor of scientific ea in 


Mr. Edwards was a a capable engineer and | held in high esteem by the tddu 


bers of his “profession. Those with whom he came in ‘contact were invariably ; 
| impressed with his kindly | and courteous bearing and his character a as” a gen- 
zt tleman. To know him was to respect him and increasingly admire his man 


virtues. He was a good ‘friend, ¢ a faithful brother, and a dutiful son. he He is oh 
survived by two sisters living ‘at Carbis Bay, Cornwall, ‘England. 


or Edwards was elected an Associate Member of the American Society 


of Civil Engineers on January 16, 1928. W 

hoot AMES MADISON PORTER M. Am. Soc. C. E.* 


_James Madison Porter, 3d, the son of J. ames Madison Porter, J I, and | Ruth — 
Pierson, (Cook) Porter, was born i in Easton, Pa.,. on May 10, 1864. 
le was descended from a, long of distinguished ancestors and his 


family has been prominent. in the ‘making of Pennsylvania history. father, 


Memoir prepared by Lynn Perry,’ M. Am Soc. ied B. 
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James. Macion Borer, riand. nguished diplo 
at. the Courts of Vienna and Berlin, was Thirty- third Degree ‘Bree. Mason 
Master of the > Pennsylvania Grand? A Masonic Lodge. 


of the 
Bar and was Judge of the Judici ial Cireuit which 


comprised at that 1 time the Counties of f Wayne, Pike, Monroe, and Carbon. 
Judge Porter was appointed Secretary of War by President John Tyler, but 


‘one of the founders and the first President of the Board of ‘Trustees of Lafay- 
ette College, at Easton, a 1 position which he held for twenty- -five years, serving 
as Lecturer on Jurisprudence and Political: Economy without ‘compensation 
tan the great- caimitinthes of James Madison | Porter, 3d, 
was Maj. ~Gen. Andrew Porter, Commissary General of the American Forces a 
during the Revolutionary War. He was offered the post of ‘Secretary of War 4 
in t the Cabinet of President James Monroe, but owing to the infirmities of 4 
age, declined to serve. General Porter had six sons, all of whom became 7 
in National life: David Rittenhouse was, Governor of 


I shin Pa, and afterward J udge ¢ of the Court of the . Alabama — 


r son of David Rittenhouse was Maj.- Gen. Horace Porter of Civil 
fame. -Rear-A Admiral David Porter, U.S 


Gen. Andrew Porter were all collateral relatives: 


Mr. Porter attended the public schools of Easton 1879, when, fllow- 


,N.J . He prepared for college at the “Centenary "Qollegiste Institute 
of Hackettstown, and Blair Academy at Blairstown, N. J., and mineield Lafay- 
- ette College, in ‘the autumn of 1882. | When he went to Easton, he lived with — 
ihe grandfather i in the house that. continued to be his residence until the | time 


of Civil Following short engagements. with and Grier 
the | Lehigh Valley Railroad Company, he entered the service of f Tippett and 
‘Wood, Phillipsburg, N. as Chief Engineer. His duties i in this positioh 


covered the design and construction of tanks and stand- -pipes. ‘He retained 


this: connection for the remainder of his active career, even after he took up 


uties. » Du During t ‘this | time he was engaged on the design and con- 
struction of many y steel structures. One of the most important of these was is 
_ the cantilever bridge connecting Easton and Phillipsburg, referred to in many 


articles and books on bridge engineering ‘This bridge which will remain as a 


monument to his s genius for many years, was built in 1895, and has no top 
chord bracing. Mr. Porter was well-known as a consulting structural engi-— 


“neer and, “during his active career, he | designed highway and ‘trolley 


as well as many stand- -pipes and elevated tanks. was a pioneer in 
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In 1890, on the dea th of Profe fessor ‘Toseph G the Civil ‘Engi- 
neering Department at ‘Lafaye ette College, Mr. Porter was appointed Instructor 


“in that” Department. and became Adjunct Professor of Civil Engineering on 
“Sune 2 25, of the, same year. On October 22, , 1891, he was made I Professor of 
Civil and Topographical Engineering, i in gprimtiy of the Department, and, in 
“1908, was appointed Professor o of, and Director of the Division of, Civil Engi- 


“neering. He occupied this chair until 1916 when he ‘resigned after completing 


twenty- years of service to his Alma Mater. Many generations of Lafayette 
remember his outstanding qualities: of leadership, teaching ability, 


g ch r, i 20 
cl aaracter, and genial d ¢ isposition, 


Professor Porter active in church as well technical, business, and 


_civie affairs, and wan a leader in every undertaking with which he ne ¥ was con- 


“nected. ‘He was a ‘trustworthy friend of ‘his colleagues: and. respected and 


pons he all who were ‘privileged to know him and who came into contac 


_ He served as Vice- President and President of the General Crushed 8 Ston ” 
: Secretary of the American Society for ‘Testing Materials; ‘Director 
of the Easton ‘Trust Company ; President and Director of the Easton Tau 


Chapter of Zeta Psi; Vice-President and Director of the orthampton Conny. 
Club and the Pomfret Club. He was a member ¢ the ‘University Clubs of 
2 New York, N. .Y., and Philadelphia, Pa., , and the Automobile Club of America. 


aye} 


% Le He was married on November 15, 1888, ‘to Mary Virginia. Drake, the daugl 


= 


é ter of Samuel Arndt Drake, of Easton, Ww me, with an only | son, , James Madison 


Professor Porter was elected an “Associ ate ‘Member the American Societ 


HOWARD ELLIOTT, Affiliate, Am. 


¢ York, N. Y. 


+6, 
“son of ‘Ghases Wve and “Mary (Whyte) ‘Bliott. 
er ‘kins, nies of ‘the Chicago, 
Burlington Railroad its of greatest expan- 
Mr. . Elliott’s early inclinations are shown in ‘the fact that after “passing 
- through the High School of Cambridge, Mass., ‘he entered. what was then known 


as the Lawrence. Scientific’ School of Harvard | University, from which he was” 
- graduated with the degree of Civil Engineer in 1881. He plunged at once into — 


2 _ railroad work, and; in October of that year, he entered the employ of the Burling- 
ton. Railroad Company, with which he was to be intimately connected, either 


directly or indirectly, for 1 many years. Aga matter of fact had been ¢ a Rod- 


nan on that road the year before he received his gree. 


is, by Ralph Budd, and W. L. Darling, mempers Am. Soc. Cc. E. 
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lines during his lif me, 


r. Elliott’s specific service as rele engineering may be said to have 


begun in 1896, when for five years he was General Manager of the Missouri 
Lines of the Burlington Railroad. In 1901, he became Second Vice- President 


of that Company, from which position, in 1906, he was promoted to. the Presi- 


dency of the Northern Pacific Railway ‘He made his home at this 
time in St. Paul, Minn. From 1903 to 1913 there ‘was a very marked develop- 
nent “in the Northwest. x During his administration as President he directed 


greatest construction program: ‘ever attempted by the ‘Northern Pacific 
tailway. The capacity of the’ railway was greatly increased, anc the agri- 


cultural districts were better served by the construction of ‘lines, and, 


in addition, the West Coast District was improved between Portland, Ore, 


“The late James J. Hill, Am. figure 


n ‘the Northwest, especially in the group of railroads comprising the Great 
Northern, Northern Pacific, and Burlington Companies. “The late E. H. Har- 


Timan was the leader in the Union Pacific and Southern Pacific group. I 
was Mr. Elliott’s good fortune to be associated with these remarkable men 


to take part in the memorable Harriman” contests in railroad build- 


W ashington, Adaho, and, ‘Oregon. This a most important period 


n the history of the Northern lines. While some remnants 


the ‘old of bitterness remained, the community of ownership. which 


had come about as a result in the formation of the Nor thern Securities s Com- 
was established more strongly day by. day,, - Thus, the Great. 


and “Northern Pacific Systems, growing more closely together, presented a 
united front to the rather ‘insistent demands of the Harriman System. As 
part of the complete fo fortification, in a railroad sense, of the Pacific North- 
west, the Spokane, ‘Portland: and: Seattle Railway: ‘was constructed from 


kane, Wash. , to P ortland, a distance of 380 miles. Mr. . Elliott had | his part t 


‘ 


5 


that. it did not affect 1 ‘the joint’ 
established by the two Northern Lines of the Burlington property, its stock | 


having been purchased outright and bonds issued to finance the purchase. | At 
_ this time there was a deep hostility throughout the United States to railroad” a: 

- policies, and, this enmity had to be turned first into neutrality and then into 

friendship. To, succeed in this plan it was necessary systematically to! carry 


public, education in the, of ‘situation. As a result Mr 


"traveled across the | Continent and. scores of addresses 
‘of which, were printed), in, which facts about. ‘the: railroads were dispassion- 


ately, presented before commercial clubs, business men’s associations, and 
other | bodies. The more formal talks s which were distributed widely in the 


Northwest had a wholesome effect in the served by 
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Northern Pacific’ and were very’ helpfal in! the attention 
3 


the people tothe 1 need of remedial legislations, ad} to 


the’ summer of 1913. there had developed in 1 New England « a railroad 
as difficult to handle. as that: which: had existed 


New England. had. been ‘to. take in most. of the tailroad 


he’ dominated by th Haven. A number of, prominent New 
Englanders: interested in an adequate and permanent transportation servic 


Higginson and Theodore Vail, and Mr. Elliott to come 
and take up the task. As his children were either at school or college in the — 
Fast,. and practically his relatives and old friends were. there, he found 
| the idea attractive. Then, too, since, the Board of Directors of the Northern 


VaL 


Rs ‘Pacific Company met in New York, _ it, had | been . necessary for chim to make 
from. eight to ten trips year between ‘St, Paul, Minn. and the Atlantic 4 
, Coast, which, with the necessary inspection trips in the West as far as, the 
4 Pacific Coast, represented traveling from. 80 000 to 40 000 miles, per year. 
i Mr Elliott, realizing to some extent the seriousness of the situation, decided 
to take u up the work, after discussing the matter fully with friends in . Boston, 


_ Mass., New York, and Philadelphia, Pa. Making his residence in Boston, 
he became ‘associated with the New York, New Haven and Hartford Rail 
read, Company as its President on September 1, 1 1913, and soon became Chair- 

_ man of the Board of. Directors, being succeeded by. ‘Mr. Je ames i Hustis as 
| President. At that time the New Haven System consisted not only | of its rail 
but. ane included in its ownership | or control the Central } New England 

| Railway: Company, the Boston ¢ and Maine Railroad Company, the New York 
Ontario, and. Western. Railway Company, the New England Steamship 
pany, “the Hartford and New York Transportation Company, substantially 
the street, railway lines in Rhode Island and Connecticut, and the, im- 
portant street railways of. Massachusetts, in. Berkshire County, and in the 
Cities, of Springfield and Worcester. 


System would exercise g general oversight of the holdings of the New 
Company, each of which was to be in charge of a President, and that the E 

. Board of | Directors of the New Haven. Lines, being responsible for the parent — 

holdings, should act as a ‘Supreme advisory body to, the 


‘Chairman. These plans wi were soon upset by the action of the Federal Goven 


the 1 Boston and Maine Railroad, and the Massachusetts Rhode Island, go % 


, because of its ‘ 
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by @ Was forced on the New Haven Company by the Administration at a time when 
this Compan inancial embarrassment, could not afford to — 


4 Maida he seemed actually to radiate kindness and good will. These qualities 


the Government. ou Mr. Elliott acce the situation, howeve 


a of. “the New Haven System began ‘earnestly to present to 
New the serious transportation problems which confronted 


operation, ‘greatly. to his’ credit, secured them all. attitude 
and action inspired a revival of the belief that the New Haven System might 


9 be restored. to its former high state. Incessant work in this” field impaired his 
yw health, and on May 1, 1917, he resigned | as Chairman and President, and took a 
position | on the Railroads’ War Board, at W ashington, D. Cc, , where, together 


with the — members of the Board, he ‘represented all the railroads until the 
1090: Mr. Elliott became Chairman of the Board of Directors the 


ix 
ere Pacific Railway ‘Company, and took an’ active part in the manage- 
" ; of that property until his death. — He was also a Director of the Chicago, 
Burlington and Quincy Railroad Company from 1918 until his death, as well 


% 
as a Director of “many companies connected with railroads ‘and other ‘allied 


interests, as well as a member of m many - clubs and scientific , business, and social 


Elliott was also very ardent and enthusiastic Harvard man, “and 


Harvard University, in n turn, thought most highly of him. As early as he 


chim its | President for: the year 1917. Hew was s extremely interested i in the work 
of the University, especially: tha t of ol of founded in 


The of of Laws was on “Bott thy 
colleges, namely, Middlebury College, Vermont, in 1916; Trinity Col- 
lege, Connecticut, in 1914; and Carters College, Minnesota, in 1927. He also 


Received | the honorary degree of Doctor of ‘Science from the ‘University 
| Mr. Elliott was married on. October 12, 1892, to Janet Churchill. They had 


wo daughters. and one ‘son. ud He was an extremely attractive man personally 


‘i Mr. Elliott died on  Tuly 8, 1928, while still actively engaged it in the handling 


of. railroad affairs to which so much of his life had been devoted. F gai inen 


have left behind them | a larger circle of appreciative associates’ and admiring 


Elliott was an Affiliate ‘Souidty' of Civil 


— 
: 
pe 
— 
Paper 
— 
— 
Discu 
8 
— 
— 
— 
4 
— 
> 
— 
— 
— 
— 


